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FIFTY-FIFTH ANNUAL REPORT 


OF THB 


SECRETARY 


OF THE 


STATE BOARD OF AGRICULTURE 


OF THE 


STATE OF MICHIGAN 


AND 
TWENTY-NINTH ANNUAL REPORT 


OF THE 


EXPERIMENT STATION 


FROM 


JULY 1, 1915, TO JUNE 30, 1916 


BY AUTHORITY 


LANSING, MICHIGAN 
WYNKOOP HALLENBECK CRAWFORD CO., STATE PRINTERS 
: 1916 


REPORT OF THE SECRETARY 


OF THE 


STATE BOARD OF AGRICULTURE 


Hast LANSING, Micu., July 1, 1916. 


To Hon. Wooppripce N. Ferris, 
Governor of the State of Michigan: 


Sir—I have the honor to submit to you herewith, as required by law, 
the accompanying report for the fiscal year ending June 30, 1916, with 
supplementary papers. 

Very respectfully, 
ADDISON M. BROWN, 
Secretary of the State Board of Agriculture. 


STATE BOARD OF AGRICULTURE 


Term expires. 
JOHN W. BEAUMONT, Detroit... 2... .055 Ist Monday January, 1918 
JASON WOODMAN, Paw Paw............ Ist Monday January, 1918 
ROBERT D. GRAHAM, Grand Rapids.....1st Monday January, 1920 
CHAIRMAN OF THE Boarp. 


Ae Rr ds DORMRTY, "Clare. 08. feces: Ist Monday January, 1920 
WILLIAM H. WALLACE, Saginaw........ Ist Monday January, 1922 
PROV WATERBURY, Detroit: > 1.536000 Ist Monday January, 1922 
ERED LS KEELER, Supr. or Pupiic INSTRUCTION... 5.22... .. Kz-O fficio 
FRANK S. KEDZIE, PRresipENT oF THE COLLEGE.......... Ha-O fficio 


ADDISON M. BROWN, East Lansing, Secretary. 
BENJAMIN F. DAVIS, Lansing, Treasurer. 


STANDING COMMITTEES. 


DIVISIONS OF AGRICULTURE AND OF 


WHTERINARY  SCINNCE. sso. sae. I. R. Waterbury, R. D. Graham. 
DIVISION OF ENGINEERING......... A. J.’ Doherty, J. W. Beaumont. 
DIVISION OF HomE, ECONOMICS..... Jason Woodman, I. R. Waterbury. 
DIVISION OF SCIENCE AND Lerrers..J. W. Beaumont, W. H. Wallace. 
EXPORIMENT STATION (feels. cop. os W. H. Wallace, A. J. Doherty. 
PENEPLO MBN: 5. 5a. c0e: ans idierais ava Gon selena k. D. Graham, J. W. Beaumont. 
EASON as oh x cea do Oe AOU rane k. D. Graham, W. H. Wallace. 
CoLLEGE Extension Division.......A. J. Doherty, Jason Woodman. 


BUILDINGS AND CoLLEeGE Property..I. R. Waterbury, Jason Woodman. 


MICHIGAN AGRICULTURAL COLLEGE 


(Under control of the State Board of Agriculture. ) 
FACULTY AND OTHER OFFICERS. 


Frank S. Kepzim, M. S., D. Sc., President; * Sept. 15. ’80; » ¢ Sept. 15, 716. 

JONATHAN L. Snyper, A. M., Ph. D., LL. D., President Emeritus; * Feb. 
22, 7965. Sept: 1a, 716. 

Wiu1aM J. Brat, Ph. D., D. Sc., Emeritus Professor of Botany; 27> June 
9,70; ¢ June 15, 710. 

Witsur O. Heprick, M.S., Ph. D., Professor of History and Economics; 
ab Aug. 24, 91; ¢ June 20, ’06. 

Herman K. Vepprr, C. E., Professor of Civil Engineering; *? Sept, 15, 
Ole < Suly tO. 

Watrer B. Barrows, B. 8., Professor of Zoology and Physiology and 
Curator of the General Museum; 2”°¢ Feb. 15, 794. 

Rurvs H. Perri, B. S. in Agr., Professor of Entomology; * Jan. 1, ’97; 
be" Sept. f, 06. 

_Appison M. Brown, A. B., Secretary of the College; * be June 1, ’02. 

Rosert 8. SuHaw, B. 8S. A., Dean of Agriculture; 7” Sept. 1, 02; © Jan. 
15, ’08. 

Evipa YAKELEY, Registrar; * July 15, ’03; °° June 1, ’08. 

Arruur R. Sawyer, B. 8., E. E., Professor of Physics and Electrical En- 
gineering; 2>°¢ April 11, 704. 

A. Crospy ANDERSON, B. 8., Professor of Dairy Husbandry; * Sept. 1, 
705; > June 10, ’09; ¢ June 15, 710. 

Grorce W. Bissetu, M. E., Dean of Engineering and Professor of Me- 
chanical Engineering; *?¢ June 18, ’07. 

Warp Gittner, D. V. M., M. S., Professor of Bacteriology and Hygiene ; 
2b July 1, 708; ¢ June 16, 715. 

Harry J. Evsrace, B. 8., M. H., Professor of Horticulture; 2° Aug. 


15, 708. 
Vicror T. Witson, M. E., Professor of Drawing and Design; 2° Sept. 
L708: 


Watter H. Frency, M. Pd., M. 8., Professor of Agricultural Education ; 
he Sept 408. 

VERNON M. SHoesmitH, B. 8., Professor of Farm Crops; 2° ¢ Feb, 14, ’09. 

Ernst A. Bessry, Ph. D., Professsor of Botany; #°¢ June 15, ’10. 

Ricuarp P. Lyman, B. S., D. V. M., Dean of Veterinary Science; Pro- 
fessor of Veterinary Medicine; *”¢ Sept. 28, 710. 

*JoHN F. Mackiin, Professor of Physical Culture; Director of Athletics ; 
apc Maren 0.71: 

Witiiam W. Jounston, A. M., Professor of English Literature and Mod- 
ern Languages; *°°¢ Sept. 1, 712. 
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Louis C. PLant, Ph. B., M. S., Professor of Mathematics; *» © Sept. 1, 713. 

Georcta L. Wuite, Ph. D., Dean of Home Economics; *”¢ April 1, 714. 

Merris M. McCoont, Ph. D., Professor of Soils; #°¢ July 15, 714. 

ALFRED K. CHITTENDEN, M. F., Professor of Forestry; 2° July 15, 714. 

Mary E. Epmonps, B. 8., Professor of Domestic Science; * © Sept. 15, 715. 

Linut. Ira LONGANECKER, Professor of Military Science and Tactics; 2° 
Febsca, 216: 

Epwarp H. Ryprr, M. A., M. Pd., Associate Professsor of History and 
Economics; Director of Summer School; * Sept. 1, 705; > Oct. 
2 P09; © Jan. a8.eko. . 

JosppH A. Poison, B. 8., M. E., Associate Professor of Mechanical En- 
gineering; > Sept. 1, ’06; © July 11, 718. 

ArtTHuR J. Cuark, A. B., Associate Professor of Chemistry; Director of 
Band; *» Sept. 1, 06; © June 10, 714. 

Wit11Am L. Lopce, B. 8., M. A., Associate Professor of Physics; #» Oct. 
4.706; ¢ July. 20-715: 

Cuartes P. Hariican, B. S., Associate Professor of Horticulture; 2” 
April 8, ’07; © June 11, 713. 

Grorce D. SHarer, Ph. D., Associate Professor of Entomology; ? July 1, 
708; > Sept. 1, 08; ¢ July 21, 715. 

Grorce A. Brown, B. S., Associate Professor of Animal Husbandry; #” 
Sept--1,708-)¢ July 21745, 

ticHarD DeZenuw, Associate Professor of Botany; 2» Sept. 1, 09; ¢ 
July 21, 7°15. 

Harry H. Mussetman, B. S., Associate Professor of Farm Mechanics; 
ab Sept. 1, ’09; ¢ July 21, 715. 

Frank W. CHAMBERLAIN, B. S., D. V. M., Associate Professor of Com-_ 
parative Anatomy; 2» Jan. 1, 711; ° July 21, 715. 

Ratpy C. Huston, M. S., Ph. D., Associate Professor of Chemistry; 2” 
Sept. 2711s <, July 21 Alo. 

Evam T. Hatuman, D. V. M., Associate Professor of Animal Pathology ; 
ab Sept. 1, 712; © July 21, 715. 

Cuace Newman, Assistant Professor of Drawing; * Sept. 1, 97; » ¢ Sept. 
UP ed UG 

I. Sytvestrer Kine, Assistant Professor of Public Speaking; * Jan. 1, 700; 
b Sept. 1, 02; © June 10, 714. 

Frank H. Sanrorp, B. S., M. F., Assistant Professor of Forestry; 2° Dee. 
1; 706; °¢ May 1, 709. 

CuHaArLes W. CuHapman, A. B., B. S.,. Assistant Professor of Physics; * 
dank, OTS) Sse ss 

L. Zar Norrurvp, B. S., A. M., M. H. E., Assistant Professor of Bacter- 
iology and Hygiene; *” Sept. 1, 07; © June 11, 713. 

BreNJAMIN B. Rosesoom, Jr., B. S., Assistant Professor of Physiology; 
ab Jan. 15, 709; © June 10, 714. 

Maurice F. Jounson, B. S., C. E., Assistant Professor of Mathematics; 
ab April 1, °095 © hme te; 

Freperick A. Burt, B. S., Assistant Professor of Geology; 2» Sept. 1, 
09; © June 10, 14. 

Lioyp C. Emmons, B. §., A. B., Assistant Professor of Mathematics; 2” 
Sept. 1, ’09; © June 11, 713. 
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CuHarues H. Spurway, B. S., M. A., Assistant Professor of Soil Physics; 
aie Pept. 15/09: 

Ernst G. Fiscuer, Ph. B., Assistant Professor of German; * Sept. 1, ’10; 
be Sept. 1, 714. 

JoHN S. McDanizL, B. §8., D. V. M., Assistant Professor of Veterinary 
Medicine and Pharmacology; #” Sept. 1, 711; © Feb. 28, 715. 

Cyrus A. Mericx, D. C. E., Assistant Professor of Civil. Engineering; 
abe Sept. 1, 720i 

Mitton Simpson, M. A., Assistant Professor of English; 2” Sept. 1, 711; 
¢ June 10, ’14. 

Bruce E. Harrsucu, A. B., Assistant Professor of Cdeusaier ab Sept. 1, 
phils ce June. 16, 715. 

CHARLEs S. Dunrorp, M. A., Assistant Professor of Economics; #” Sept. 
Ls dune, £6) 245: 

JoHN P. Hurron, D. V. M., Assistant Professor of Veterinary Surgery ; 
ab Sept. 1, 712; ¢ June 1, 713: 

Merton M. Cory, B.S., E. E., Assistant Professor of Electrical En- 
gineering; 2» Sept. 1, 712; ¢ July 21, 715. 

CHARLES B. MITCHELL, ee A., Assistant Professor of Public Speaking; 
2b Sept. 1, 712; © June 16, 715. 

REN G. Saxton, B. 'S. oy Corer Professor of Civil See ee ab Sept. 
Ty Lake July Bhs Ls, 

CHARLES H. Bu RGESS, B. ve Assistant Professor of Poultry Husbandry ; 
BW Oct: ty 1a 3 © May 19.15: 

JoserH F. Cox, B. S. in Agr., Assistant Professsor of Farm Crops; 2° 
Dee st, 713; ¢. Sune -16; 715: 

Henry T. Dariineton, M. S., Assistant Professor of Botany; 2° July 
15, 714. 

*EpDWIN G. GREENMAN, M. E., Assistant Professor of Mechanical En- 
gineering; ®>°¢ July 15, 714. 

Hersert A. GEHRING, C. E., Assistant Professor of Civil Engineering ; 
abe Sept. 1, 715. 

Cuar.es E. Miuiar, M. S., Assistant Professor of Soils; 4° ¢ Noy. 17, 715. 

LAWRENCE N, Fiextp, B. M. E., Asssistant Professor of Mechanical En- 
gineering; 2>°¢ Feb. 1, 716. 


The names of instructors whose resignations took effect between June 
50th and Sept. Ist, 1915, do not appear below: 


THomMAsS GUNSON, Instructor in Horticulture and Superintendent of 
Grounds; 2» April 1, 91; © Sept. 1, ’05. 

CaROLINE Hott, Instructor in Drawing, 2° Sept. 1, ’98. 

Louise FreyHorer, B. S., Instructor in Music; 2” ¢ Sept. 1, ’02. 

Norma L. Gitcunist, A. B., Instructor in English; #»¢ Sept. 1, ’05. 

_ FRANK - Sprace, M. S., Instructor in Farm Crops; *” Dee. 1, ’06; © Sept. 

nag i553 

Mrs. He A. W. Hennpricr, A. B., Past SMELT in History; 2 Sept. 1 
Val ala 0) tice Bad To 

Rose M. TAYLOR, aE, M. A. , Instructor in Botany; #>¢ Feb. 8, ’08. 

°Mres. Lintian L. Perrarp, Instructor in Domestic Art; 2>°¢ Sept. 1, 708. 

WituiAM FE. Laycock, Instructor in Physics; #»¢ Sept. 1, 708. 

ANDREW Wart, Instructor in Farm Mechanics; #¢ April 1, ’09. 
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Mrs. Anrornerte C. Rosson, A. B., Instructor in German and English; 
abe Jan. 1, ’09. 

Sranupy BE. Crowe, B..A., Instructor in Mathematics; 2» ¢ Sept. 1, ’09. 

Ricuarp H. Reecsu, B. 8., Instructor in Mathematics; *>¢ Jan. 1, 710. 

Dewey A. Seretry, B. S., Instructor in Meteorology; *¢ Mar. 16, 710. 

Eucenia I. McDanint, A. B., Instructor in Entomology; 2» ¢ April 1, 710. 

Sercr. Patrick J. Cross, Instructor in Military Science and Tactics; 
abe May 1, 710. 

°BertHa BE. THomrson, A. B., M. A., Instructor in Botany; 2° ¢ Sept. 1, 
710. 

Louis B. Maynz, A. B., Instructor in English; 2» ¢ Sept. 1, 710. 

James L. Morsp, Instructor in Mechanical Engineering; *° Sept. 1, 710. 

Frep KinLeen, Director M. A. C. Chorus; #>¢ Sept. 1, 710. 

Oren L. Snow, B. S., Instructor in Physics; 2% ¢ Sept. 1, ’10. 

Guorce H. Coons, A. M., Ph. D., Instructor in Plant Pathology; 2» ¢ Jan. 
i Pee bie 

W. Irvine Gitson, B. S., M. F., Instructor in Forestry; 2°¢ Jan. 1, 711. 

Epira W. Casuo, Instructor in Physical Culture; Assistant to the Dean; 
ab Sept. 1, 711; ¢ June 16, 715. 

Rurvus P. Hissarp, Ph. D., Instructor in Plant Physiology; #»*¢ Sept. 1, 
3 ERS 

Mase. L. Lerrier, Mus. B., Instructor in Music; 2° Sept. 1, 712. 

Cart E. NEwLanper, B. S., Instructor in Dairy Manufactures; *¢ Sept. 
deta 

Guy G. SperKer, B. §S., Instructor in Mathematics; *»¢ Sept. 1, 712. 

ALLEN ©. Concer, B. S., M. A., Instructor in Zoology; 2° ¢ Sept. ye 

VeRNE E. LeRoy, A. B., M. S., Instructor in Zoology ; abe Sept. 1, 12, 

Homer E. DEnnIsoN, B. §., Instructor in Dairy Husbandry; *¢ Sept. 1, 
212; 

WitiiaM M. Wistz, A. M., Instructor in Mathematics; 2» ¢ Oct. 1, 712. 

STEPHEN V. Kiem, Ph. B., M. F., Instructor in Forestry; 2¢ Jan. 1, 718. 

Frank E. Mitten, B. Se. A., Instructor in Bee-keeping; 2» ¢ Sept. 1, 718. 

JuDSON Q. Owen, A. B., Instructor in English; 2¢ Sept. 1, 713. 

CiaupEe M. Cape, B. S., C. E., Instructor in Civil Engineering; 2° Sept. 
1 A2AB: 

Lestir H. Coorzpen, B. S., A. M., Instructor in Bacteriology; 2° Sept. 
dn. 7d 

Grover ©. Woonin, B.S. A., Instructor in Entomology; 2° Sept. 1, 7138. 

Rosert E. Loren, B. S., Instructor in Horticulture; 2° Sept. 1, 7138. 

Myron B. CuHarin, Instructor in Drawing; 2° °¢ Sept. 1, 713. 

Earu C. Kierer, B. S., Instructor in Mathematics; abe Sept. 1, 718. 

WARREN W. Hirercock, B. S., Instructor in Civil Engineering; abe Sept. 
AS 

Grorce R. JoHNstone, B. A., Instructor in Botany; 2° Oct. 1, 718. 

Dwicur T. Ewrne, B. S., Instructor in Chemistry; #>¢ Jan. 1, 714. 

Wesuey BE. Eastman, B. S., Instructor in Zoology; 4>¢ Jan. 1, 714. 

ALFRED Ippius, B. S., Instructor in Drawing; #»¢ April J, 714. 

Epwarp F. Woopcock, B. S., M. A., Instructor in Botany; #¢ Sept. 1, 
214 

Watrer A. Rernert, B. S., in C. E., Instructor in Mathemetics; 7»° 
Sept. 1, 714. 
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Louise I. Ciemens, B. S., Instructor in Domestic Science; *?°¢ Sept. 1, 
14. 

Water L. Kutp, A. B., M. S., Instructor in Bacteriology; *>°¢ Sept. 1, 
14, 

GrEorcE M. GranTHAM, B. S., Instructor in Soils; #>° Sept. 1, 714. 

Corwin C. Armsrronec, A. B., Instructor in English; 2°° Sept. 1, 714. 

Acnes V. Harcu, B. 8., Instructor in Domestic Art; 2° Sept. 1, 14. 

WixuiamM P. Woop. A. B., Ch. E., Instructor in Chemistry; 2° Sept. 1, 
14. 

Frank D. Messencer, B. S., Instructor in Drawing and Design; 
Sept. 1, 714. 

Lyxa D. Epcsrron, Mus. B., Instructor in Music; 2” ¢ Sept. 1, 714. 

Burr K. Purp, C. E., Instructor in Civil Engineering; 2° Sept. 1, 714. 

WiturAM E. J. Epwarps, B.S. A., Instructor in Animal Husbandry; *”¢ 
Sept. 1, 714. 

Ciara K. Morris, B. S., Instructor in Domestic Science; 2” ¢ Sept. 1, ’14. 

WituamM D. Metrzer, B. 8., Instructor in Dairy Manufactures; 2°° 
Sept. 1, 714. 

Dwicut C. Carpenter, B. S., Instructor in Chemistry; 2° Sept. 1, 714. 

Francis W. Sma, B. §., Instructor in Dairy Husbandry; *°°¢ Sept. 1, 
14. 

Autson RAnsForp, Instructor in Cheese Making; #>°¢ Jan. 1, 715. 

Joun BE. Burnert, B. S., Instructor in Dairy Husbandry; *>° June 16, 
15. 

Jussp F. Francis, B. 8. A., Instructor in Poultry Husbandry; ®>° July 
Piae Alia: 

Henry L. Pusiow, B. S., Instructor in Chemistry; 2° ¢ Sept. 1, 715. 

JosEPH W. Srack, B. S., Instructor in Zoology; 2° Sept. 1, ’15. 

Arruur L. Bissins, B. S., Instructor in Farm Crops; 2° Sept. 1, 715. 

Henry I. Davits, B. S., Instructor in Civil Engineering; 2» ¢ Sept. 1, 715. 

CuarLes D. BAtt, B. S., Instructor in Chemistry; 2° Sept. 1, 715. 

Lo C. Hucuess, A. M., Instructor in French and German; #”¢ Sept. 1, 
715. 

Leon S. Baron, M. E., Instructor in Mechanical Engineering; 2° Sept. 
a Fe ba 

Francis L. Scunerer, A. M., Instructor in English #>¢ Sept. 1, 715. 

Wu.er FE. Srark, B.S. in M. E., Instructor in Mechanical Engineering ; 
abe Sept. 1, 715. 

Kenneru G. Hancuer, M. S., Instructor in Chemistry; #¢ Sept. 1,715. 

THEODORE E, FRIEpEMANN, B. S., Instructor in Chemistry; *°° Sept. 1, 
715. 

WituiaM N. Crark, B. S. in Agr., Instructor in Animal Husbandry; 2» °¢ 
Sept. 1, °15. 

JAMES B. HasseLMan, B. S., Instructor in English; 4°¢ Sept. 1, 715. 

ZELLA I. Bicetow, Instructor in Domestic Art; #>¢ Sept. 1, 715. 

Cuirrorp N. Rix, Instructor in Farm Mechanics; 2°¢ Sept. 1, 715. 

WENDELL A. Metron, B. S., Instructor in Physics; +» ¢ Sept. 1, 715. 

*Paut L. Mitior, M. A., Instructor in Economics; *° Sept. 1, 715. 

*Grorce T. Hayus, B. S., Instructor in Horticulture; > °¢ Sept. 27, ’15. 

Epona M. Garvin, B. S., Instructor in Domestic Science and Domestic 
Art; 25¢ Oct. 5, 715. 


abe 
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Paut C. Kircuin, B. Sc., Instructor in Botany; #» Noy. 1, 715; © Jan. 
i ge 

Karty H. Stewart, B. 8. in M. E., Instructor in Drawing; *» ¢ Jan. 1, 716. 

Sranarp G. Bercquisr, A. B., Instructor in Zoology; *»¢ Jan. 27, 716. 

Linpa E. LAnpon, Librarian; ®»* Aug. 24, 791. 

Lory IF’. Nrwetu, Engineer; 2>¢ Jan. 1, 98. 

BrenJAMIN A. Faunce, Clerk to President; ® Sept. 1, 99; »* Apr. 1, 710. 

tOWENA Kercnum, Nurse in charge of College Hospital; 2% ¢ Sept. 1. 700. 

Epwywn A. Bown, College Architect; # Jan. 1, 702; >¢_Noy. 5, 713. 

Lena M. MAxwe t, Assistant Cashier and Bookkeeper; * July 1, 02; »¢ 
TES ck Me 

ANDREW P. KrentTEL, Foreman of Woodshop; *”¢ Sept. 1, 702. 

WitiiAm R. Hotmes, Foreman of Forge Shop; *” © Sept. 1, ’06. 

JACOB SCHEPERS, Cashier; # May 1, ’07; © July 1, ’07. 

RaupH 8. Hupson, B. S., Farm Foreman; 2° Dee. 1, ’07. 

Maup A. Mescu, Chief Clerk to Secretary; 2» Apr. 1, ’08; ¢ Sept. 1, 710. 

*ALBERT H. Davis, Foreman of the Horticultural Department; *” ¢ Sept. 
1,708. 

Epwarp C. Crawrorp, Shop Engineer; 2° July 1, ’09. 

Louise E. WatswortH, Clerk to Secretary; #»¢ Jan. 17, 710. 

Ernest A. Evans, Foreman of Machine Shop; #»¢ Sept. 1, 710. 

WarrREN 8. Ropsins, B. S., Assistant in Pathology; +> April 1, 711; ¢ 
July 21, 715. 

°ELizaBeEtH M. Patm, Assistant Librarian; #>¢ July 15, 711. 

BLANCHE A. BircHarp, Clerk to President; 2»¢ Aug. 10, 711. 

Cuarwes D. Berrs, Purchasing Agent; 2°°¢ Sept. 1, 711. 

Jay Smiru, Assistant in Machine Shop; 2» ¢ Sept. 1, 712. 

Evisau L. Grover, B. §., Assistant in Agricultural Education; 2 ¢ Sept. 
1S: 

BrertHa A. Houuister, A. B., State Seed Analyst; #>¢ Sept. 1, 718. 

GeEorcr H. Perers, Assistant in Pattern Shop; 2°°¢ Oct. 1, 713. 

Jacop A. Ercupr, Foreman of Foundry; *”¢ Sept. 1, 714. 

qHarry M. Garrison, Assistant in Pattern Shop; 2° Sept. 1, ’14. 

FREDERICK O. OckurBLAD, B. S., Graduate Assistant in Bacteriology ; 
abe Sept. 1, 714. 

FrLorence Farweti, House Director, Women’s Building; 2” ° Sept. 1, ’14. 

CuHar.tes S. Lanepon, B. S., Alumni Secretary; 2¢ Sept. 1, 714. 

ANNA L. Ferzez, Assistant Registrar; 2° Oct. 1, 714. 

J. J. HEnDRYx, Foreman Nursery; 2»°¢ March 15, 715. 

EILEEN Fiercuer, Clerk to Secretary; 7° June 15, ’15. 

OswaLp M. Gruzit, B. S., Graduate Assistant in Bacteriology; 2” ¢ Sept. 
1, 205: 

Mancet T. Munn, M. S., Graduate Assistant in Botany; 2 ¢ Sept. 1, 715. 

I. Forest Huppieson, B. S., Graduate Assistant in Bacteriology; #?° 
Sept. 1, 715. 

Henrik J. Srarsern, B. 8., Graduate Assistant in Bacteriology; #°° 
Sept. 1, 715. 

Mrs. CorneiA Linpsay, House Mother, Women’s Building; 2° Sept. 
Lib. 

Mrs. Nancy L. Eastman, Matron College Cottage; #»¢ Sept. 1, 715. 
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“Frances M. Mapison, B. 8., Assistant State Seed Analyst; 2° Sept. 1, 
715. 

Don C. Herriey, B. S., In charge of Student Employment Bureau and 
Secretaryoot. VY. M/C. A.5*) © Sept, 1715; 

ANNA L. CARPENTER, Cataloguer and Assistant in Library; 2° Sept. 1, 
ZG. 

Laura M. Trepitcock, B. 8., Assistant Librarian, *>¢ Sept. 1, 715. 

SAMUEL Toms, Assistant in Farm Mechanics; #»¢ Noy. 1, 715. 

Eucent Woop, Assistant in Pattern Shop; 7° Jan. 1, 716. 

Louise Mertes, Assistant State Seed Analyst; 2° Feb. 1, 716. 

Epa H. Trickey, Clerk to Secretary; 2° April 5, 716. 


EXPERIMENT STATION WORKERS. 


ANDREW J. Patren, B. S., Chemist; 2° ¢ Sept. 1, ’05. 

CHARLES W. Brown, B.S., Research Assistant in Bacteriology; #>°¢ Aug. 
1, ’06. 

CHARLES S. Roprnson, M. 8., Research Assistant in Chemistry; #» ¢ Sept. 
00: 

Myra V. Bocus, Bulletin Clerk, #%¢ Jan. 1, 710. 

Orrin B. Winter, A. B., Assistant in Chemistry; ? Feb. 15, 710; ®* Sept. 
aol e 

Grorce J. Bouyoucos, Ph. D., Research Assistant in Soils; ? June 16, 
acs BC Septs eb. 

J. FRANK Morgan, M. A., Research Assistant in Bacteriology; 2° Sept. 
beets. 

Wa ter C. Durron, B. S., Assistant in Horticulture; 2° Sept. 1, 718. 

Frep T. Rippe.i, B. S., Assistant in Dairying; 2°¢ Sept. 1, ’18. 

Jay H. Munciz, B. A., Assistant in Plant Pathology; 2» ¢ Nov. 17, 718. 

ELroy J. Miuuer, M. 8., Assistant in Chemistry; 2° ¢ Sept. 1, ’15. 

Evucene F. Bercer, B. S., Assistant in Chemistry; #>°¢ Sept. 1, 715. 

Rosert W. Goss, M. S8., Assistant in Plant Pathology; #»¢ Oct. 16, ’15. 

ArTHuR C. LyT1#, B. S., Assistant in Dairying; 2»¢ Noy. 1, 715. 

Hans J. Bock, M. 8., Research Assistant in Horticulture; #¢ Jan. 1, 716. 

ALLEN FE. Smoot, A. B., Assistant in Chemistry; #>¢ Jan. 1, 16. 

Evucene BE. Down, B. S., Assistant in Farm Crops; #»¢ April 1, ’16. 


°Absent on leave. 
*Resigned. 

Deceased. 

a First appointment. 
b Present appointment. 
ec Present title. 
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AGRICULTURAL EXPERIMENT STATION 


OF THE 


MICHIGAN AGRICULTURAL COLLEGE 


(Under the control of the State Board of Agriculture.) 


STATION COUNCIL. 


Frank S. Kepzig, D. Sc., 


ee Ex-officio. 


Rosert §S, Saw, B.S. A 


Director. 


Warp Gittner, D. V. M., M.S., 


Bacteriologist. 


°Harry J. Hustace, B.S&., 


Horticulturist. 


Aurrep K. CHITTENDEN, M. F., 


Forester. 


A. Crossy ANDERSON, B.5., 
Dairy Husbandman. 
Rurus H. Pertit, B. S. A., 
Entomologist. 
ANDREW J. Patten, B.S8., - Chemist. 
Merris M. McCoot, Ph. D., 
Soil Physicist. 
Ernst A. Bressgy, Ph. D., - Botanist. 
Vernon M. SHoesmirty, B. S., 
Farm Crops Experimenter. 


App1son M. Brown, Secretary. 


ADVISORY AND ASSISTANT STAFF. 


Cuar.eEs P. Hatuiaan, B. 8., 


Asso. Horticulturist. 


Exroy J. Mitier, M.S., 
Asst. in Chemistry. 
GerorceE A. Brown, B. S., 


Asso. Animal Husbandman. 


GrorceE D. SHarer, Ph. D., 


Research Asst. in Entomology. 


CHARLES W. Browy, B.S., 
Research Asst. in Bacteriology. 
Frep T. Rippe11, B.S., - Asst.in Dairying. 
Rurvs P. Hrpparp, Ph. De 
Research Asst. in Plant Physiology. 
GerorcE H. Coons, A. B., 


Research Asst. in Plant “Pathology. 


Harry H. MussEtmay, B.S., 


Asso. in Farm Mechanics. 


CuHar.es H. Burasss, A. B., 


Asst. Poultry ‘Husbandman. 


Euaene F. Brrasr, B. S., 


Asst. in Chemistry. 


Frank A. Spraaa, M.S., - Research Asst. 
in Farm Crops (Plant Breeding.) 
ALLEN E. Smott, A. B., 
Asst. in Chemistry. 
Hans J. Bock, M. &., 
Research Asst. in Horticulture. 


°Absent on leave, 


L. Zaz Nortuerovp, B. S., 
Asst. Bacteriologist. 
Linpa E. Lanpon, - = Librarian. 
CHARLES S. Rosinson, M. &., 
Research Asst. in Chemistry. 


JaMEs F. Moraan, M. A., 
Research Asst. in Bacteriology. 


Orrin B. WINTER, A. B., 
Asst. in Chemistry. 
EueeEnia I. McDantet, A. B., 
Asst. in "Entomology. 
Water C. Duron, B. S., 
Asst. Horticulturist. 
Lesiiz H. Cootepes, A. M., 
Research Asst. in Bacteriology 
L. Coteman Lupuivm, M. &., 
‘Asst. in Bacteriology. 
Jay H. Mounciz, B. A., 
’ Asst. in Plant Pathology. 
Grover C. Woopin, B.S. A., 
Asst. in "Entomology. 
Gror@GE J. Bouyoucos, Ph. D., 
Research Asst. in Soils. 
Rosert W. Goss, M. &., 
"Asst. in Plant Pathology. 
Myra V. Bogut, - - Bulletin Clerk. 


STANDING COMMITTEE IN CHARGE. 


Witiiam H. Watnace - . - = : = ‘ E 
Autrrep J. Donerty - - - ey acs = =f = 


STATE WEATHER SERVICE. 

(Under the control of the State Board of Agriculture.) 

OFFICER OF THE SERVICE. 

Director, - - - Shee - C.F. Scuneiper, U. 8. Weather 


CO-OPERATIVE EXTENSION WORK IN AGRICULTURE AND 
HOME ECONOMICS 


MIcHIGAN AGRICULTURAL COLLEGE AND UNITED STATES DEPARTMENT OF AGRICULTURE 
Co-OPERATING. 


ADMINISTRATION. 


FRANK STEWART Kenzi, D. Se: President. 
RosertT JAMBS BaLpwIn, B.S. Director of Extension Work. 


EXTENSION SPECIALISTS. 


Representing the several departments of the College. 


WILLIAM FRANKLIN RAVEN..............- Ext. Representative in Upper Peninsula. 
James WADE WeEsToN, B.S............... Assistant in Upper Peninsula. 

Ivan Karn Maystmap, B.S. 22.2.2 ..2..2- Ext. Specialist in Farm Crops. 

Joun Wuititey Nicotson, B.S............ Ext. Specialist in Farm Crops. 

Joun Hunry Carmopy, B.8.............. Ext. Specialist in Horticulture. 
CLARENCE WILLIAM Wialp, B.S........... Ext. Specialist in Potatoes and Vegetables. 
CuarLes Purto Reep, M. AGR Bias, Reon ee Ext. Farm Management Demonstrator. 
Paviina Etona Rav ae 1 ee ery a Space tet Ext. Specialist in Home Economics. 
Marcarer M. Justin, B.S8...........2.4% Ext. Specialist in Home Economics. 
ANNA BRYANT COWLES, Ese. es stcion te! Assistant in Home Economics. 

OrsEL EDWIN ROBEY, Be Gatco ee. se: Ext. Specialist in Household Engineering. 
Don Bion WHELAN, Ries iy Sera eee Ext. Specialist in Control of Insect Pests. 
James AARON WALDRON, B.S............- Ext. Specialist in Live Stock. 

Piva GROVER: bs. VSSe ia. see ie Ext. Representative of Agrl. Education. 
ON MORT AER LLG oie et tea ore sas Bea Ext. Representative in Forestry. 


COUNTY AGRICULTURAL AGENTS. 


Pane nl oMrony, PH. Daye ste: ac eee SOLON Soba Uae State Leader. 
CHartes BENJAMIN Coon, Bs Sita tysana: EAS prea ne ere. Assistant State Leader. 
Roy GaBRieL HoopiInagARNER, B.S............ 0.00 cee eee ees Tron. 
Pied PAGE tOBINKON: Eb. 0... °...°2 - + sont no he eee Saginaw. 
Harvey GEORGE Smrra, BES. Act 2 eee acter ies reer Kent. 
SESSA IOOURER BS E5e P05 25 so. ows.» o> « Ca RR Rea ike ete seve Kalamazoo. 
Joie: WeraAM, Carin, B.S... os. 6. soc ebratiemmeies a eee oe Branch. 
ARR vebs DEANDFORD). << 35 cs02s kcake oe rs ee eects Newaygo. 
DROME sy GOIGREAT D> Svcs loess ay'sis.coe seis So ee Ce Houghton. 
VAMESNBIRANCIS) ADMIN 6M) S «cin ce ere eee oe slnis sleiens Wexford. 
JAMES FRANK KAponsky, TSS Ss paki cL ee ee Gogebice. 
JoHN Martin WENDT, Beas; 3... tee ld Os Ar ee St. Joseph. 
Cxark Louis Bropy, (a Sean Ae Sai eae St. Clair. 
Per iLOy eV Ate Ess Pe cs ok bo aoa nes Mabe eS oes Marquette. 
STINTON-Y HW ARTARD ISS sf. gk Paves ows Pelkey elas Dickinson. 
*Resigned. 
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Cuais: Linp=an Corrnen, By, Oy2.o0 ss sb -'o «0% . oe sepeeiets be ogei sete Lenawee. 
Rogwart Gripeert Cann, BIBi7.c.nin. Oak een eee oes Ontonagon. 
Cig, Henny Kwore, B. 8 72 ees corn he el eee ee eo Cheboygan. 
Dntoxy Dnsty HAGERMAN WBeS cee tac eft cook cise renee Ottawa. 
SLT OLDS cess esas eee ee eg eT ergs Muskegon. 
Russnwa. VAUGHAN TANNER SBY6 1. fae sn te cee nets ote Mason. 
‘THMODORE AUSTINSHARRANDS tps One ee ee Van Buren. 
DAVID W OODEEAN Sie eo one Seite oe eo On RR a onan Alpena. 
ATURBD -BENTATM aceite ais psa kik ee ate te oe Oe eee Allegan. 
HARRY J DUR RINSE. to ay oe 2 he wee ee Oe eee Berrien. 


BOYS’ AND GIRLS’ CLUB WORK. 


EDUARD CHRISTIAN LINDEMANN, B.S. ......000-02c0vscescees State Agent. 


MARKETS. 


TAME NATHAN MIGESREDE ov 5 oes coe cee eis eer eae Director. 


Levi Rawson Tart, M.S...... I a ae tae a eee ao Shere Superintendent. 


ACCOUNTS_OF 


THE MICHIGAN AGRICULTURAL COLLEGE 


FOR THE YEAR ENDING JUNE 30, 1916 


SECRETARY’S FINANCIAL REPORT 


$150,349 27 


55,155 02 


651,097 47 


1,179 25 
36,464 63 


39,090 62 $839,090 62 


uly! OLS: Cashion Wands cere ee cite cleminterc sil 4» ole) ole op-iwi|e/aleieleieialse 
July 1, 1915. Cash on deposit, College Treasurer................+.+55 
June 30, 1916. To special appropriation receipts...............-+...-0- 1 
- TOM StabOLErCASUrelye « cidls oils stclekstetels!/< ote - $88,830 00 
Bron) Ur S. LTCASUTCE say). edie Giese ale «as 58,032 37 
TOM PITTS; Pee aOLS!.vaiecers <i c's aleus sie « s(arerets 10,000 00 
From institution and other sources......... 16,741 27 
HHO OL OLG Se yGiSDIITSCHICIES <i ete otis itis iercc= « sosetets och ofelts one) etsy atonatol at fiat orevols 
Special APDILOPULA LIONS) late ateteejeisreie iterate = she $29 ,442 05 
HE PCEIMMST tH OUAULOM. sale l=. ies iis oieierarnie’= tele) 57,881 53 
WE XPOCUSIOM a cess ce oleic aiotatels ats eters eters ate esp ere 63,025 69 
June 30, 1916. To current account receipts...... Gooceenees 6 
From State Treasurer, land grant interest.... $71,391 56 
From State Treasurer, one-fifth mill tax..... 362,170 00 
$560,000 00 
(a) 197,830 00 
From U.S. Treasurer, Morrill Fund........ 50,000 00 
From institution and other sources......... 167 ,648 34 
From So. Haven Exp. Station.............. 233 02 
From U. P. Experiment Station............ 3,412) 10 
By general account disbursements............. Bie aaa awe oe 
ron Current ACCOUNE crue + eciete-te.eeel es octets $630,173 34 
From supplementary accounts............. 20,924 13 
ete SO st OA Gs DB yACAsh) OMAN rcs siya torsiel ahel ote labels sien ereve'anes ssa) oreydrebetel ayers sand 
iines50 gl O1 Os ye Casi ON CEDOSIE s.r viscera dye o Genter eat ot hel ozo), Sect cheliel sie latte x 
$8 
(a) Appropriated for Extension............ $32,275 00 
Appropriated for Exp. Station......... 15,555 00 
Reha 150,000 00 


Appropriated for Gymnasium 


TABLE NO. 1.—Tabular exhibit of Secretary’s report. 


Cash 


College Treasurer*.... 
Special appropriation. . 
Current accounts..... 
Supplementary accounts. 


| Balance sheet, Transactions July 1, 1915 | Balance sheet, 
July 1, 1915. to June 30, 1916. June 30, 1916. 
| 
Dr. Cr. Dr: | Cr. Dr. Cr. 
| ‘ 
TCE ee Oe $3436.09]. sete, tet S25 256 CATS ook aces: GL G LD (Lol te oo acess 6 
Hi OF SOD: Bll sets ere sree beens are Sra $29,568 76) 36,464 63].......... 
S.A yeasts Sle eieoats $2,960 99} 173,603 64| 150,349 27|.......... $26,215 36 
Cal i Paar eae 7,370 97| 651,209 90) 630,173 34|..........| 11,428 52 
TOCA OR at  e 3,945 12 ZOPOLE USWA cote «susie aleve eleseae 6" 
| 
| 
Rota seeveeccierc.sie nies $10,331 96/$10,331 96 $37 ,643 88/$37,643 88 


$831,015 4 $831,015 50 


*Treasurer’s statement is greater July 1, 1915, by $8,368.09 and June 30, 1916, by $29,169.71; 


Warrants outstanding. 
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TREASURER’S ACCOUNT. 


Dr. ere 
Balance.on. hand Julyd, 1905 vo ccccg~ stead sees he. a tore ore ene rane $15,263 96 
Receipts from State Treasurer, and Secretary of College .. 829,498 09 
Interest on deposits during yearend beeen teen eee sna 1 Dili ee 
Warrants paid July 1, 1925; to Jume's0; W9TG sn. 5... eels le WRISIS TS tpinanetes vaeeene $780,645 12 
Balance.on-hand June:30, 916 Fee cc eesss er ciere ane, Seemeremae ae eee) SH ee enero 65,634 34 


F 


846,279 46 $846,279 46 
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‘SPIO (HU ‘smut 
*IOINSVL], So1VIG pou ‘LE°ZEO'Sast 
“JOINSVAL], S9IVIG POU 


€% G18 ' PEs 18 999'8$ 1% GEE‘OSTS| &9 FOG‘ OLTS| 22 96G'ses | LE LOE‘ TPIS] 66 O9G'SS [°° erie brn ian aii cue trea ie ce nee eT INDY 
cen ct | Nal ES ee 
OT pee ob . Nit eee 8Z 186 or cot't ttt p=" OQ TO00NT op cor tt 2 Ritoilcterert ene aeenetnetemtetete veeee eee TRging TayIvAM 
0z Zi . o* . 00 CZ 0Z 12 00 GZ CW et Mik Yer 1 0% ZL . ‘o1.8 p © ne, . eee eee are W.0 4 Oh8 evnye be) Oye (are eee eee puny Jakeg 
cg COP @ o © sie) alee Ce et I ee ewe CS eeee rere) COP eee . oo ik eet at rere) COP . eee eee . - . . eee eee eee **squoureAOId UIT Aripung 
aie exena ees eee eee . . 00 68ST 00 6ee'T 00. 68s‘ Te oe Us, 8 ee ele o;ee ele 6 & 6-8 a els) = . eee ties ¢.e°s 6 6 © fa 6 *uo0TOadsur pur sesusor, AIGSINN 
Ig corey a G 66 ie be se . 61 $6 00 000‘ OT ee ee * 00 000‘ ort of ene oe) 8.6 «6 8 s, of . Cums Sibi e Ps. 610. 6 (ene ‘die 7m, 'S) 6) 01b 8 me ‘Supeoursug jo Tt 
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STATE BOARD OF AGRICULTURE. 


TABLE NO. 3.—William Smith Sayer Scholarship Fund. 


Year 


Fund. ending | Income. 


June 30. 


Income 
expended to. 


E 1910 | $32 


25 A. MeVittie....| $19 75 
1911 SEDO | vias Ac dedce epee nesta ee 
$500.00 received of F. F. Sayer, admin- 1912 12 50 {D. K. Fisher...| 25 00 
istrator of the estate of William Smith as | \ Hake Wrights ie 29700 
Sayer, to establish Scholarship in| 1913 25 00 D. Francisco...| 25 00 
BACLETIOLOR Acre ete o cielo conve, onteren 1914 24 85 R. W. Waffle...) 25 00 
1915 24 85 J. D. Baker.... 25 00 
1916 | 25 00 J. M. Maze... | 25 00 
otal 5308s 6 eo ee Oe Ne Meee s Pils O5 Ke ean ke reve eect 3109 75 

| 


Amount. 


Balance 
including 
principal. 


AGRICULTURAL COLLEGE ACCOUNTS. 23 
TABLE NO. 4.—Current Account, July 1, 1918, to June 30, 1916. 
Dr: Cr: 
On account of— To disburse- By 
ments. receipts. 

U.S. Treasurer, 26th annual payment under act of Congress of August, 
Peed ONS REALS sais fei's, Succ PSone RMS atone ie er a nace SMa ys Shaws Site shee ron Oeel lta tieeite a te tetan’ $50,000 00 
Ri ACMULCARMILELs ONE =fi ll, TU le bMTACi rater sts saver a eee teen tey mesure iene | tee are te 362,170 00 
State Treasurer, interest on proceeds of sales of U. S. land grant........|............ 71,391 56 
ENON GIRD CTE) 5 SO pe Sa a IS a oe Geet oe Rae. Oa Sota ee seme cae ny $3250) O80 Ge. Renee anes 
PPA EMAL HELI CATION © 36.045 ake sehee set ane oH ne sO ae eet eae UPA SM Bae oe ee os 
PATI CENT DIM EL VIG ALELCLT Yes «hove 5 so ca tava s ies Sie cies eae cee en es ee iT iat aps 7,911 79 
PAG ILE EL LCS nen eer et oc e Rt) NS A Re SOS ag ey Pe net eS ae ee 3,010 25 1,447 05 
SEP AAS LET IO LOE Na crete euten cen) ars ce oP) Meal ODS oo Toe aioe ee ee Se, et ae 8,882 48 6,693 33 
LEXOUBIEDT oc coho yO SR RE RIAD SPOR oer Tas EE HE ee DR a eet at Be OS eae 5,670 68 364 63 
SO MCUMIS LE Voeeey ty hae ne aCe ae Me ge ON Me sr, ate DE TRS ae 13,407 88 7,350 35 
CCAR LDS aes bare) 0 Feeley gic a eh SiR ee EB Big ee ee ae See se 3,247 72 678 75 
GNCATIC Rae Se eene ears & Vee. See aeaey une eae gh 12) Die Se! Ee 3,984 75 1,234 54 
SOMCHEMERCCH SIOZ  oite ha oe ae: Pa nee, BaP RR Eo a ee tid ev ahmvcnd ieee hove SA5i La |e. eer a so 
MONUINEe TE ULC EE Seis des cee air Rie aie ate batty Peete 93,244 48 42,820 42 

Diploma fees, $1,345.00; incidentals, $11,049.00; matriculation, 


$2,965.00; room rent, $13,056.07; tuition, $3,937.50; delinquent, 

$446.00; sundry, $10,021.85. 
OL OTISRE RE Parton che cere or) hikes ce Me cab acs vo aia: Se cone OO NRE Sea nara einvdle Mise svolenelee> 
Dairy Husbandry 
Wernnis ONCE os ee oie 
Dean of Summer School 
iD ieiy aialess eee enon tee ere are 
Electric Lighting... 
English 
Entomology)... 21.2... 
EATEN Atl WET OLSEH re tegey ay o)oPs ae ees hana ncese iy hs LR OR eee one aaron on naa 
Farm Management 
Farm Mechanics 
RIOT CSET Vgrre cee e ean ep conte ay rere oT MORASS er aie lac ocak mae I Pe ey ee 
Freight and Cartage 
Heating 


aie) ace. aie! a 64 a)<0,he 


eielerelcs,0.6 0) 0 @ © ele s)6 6 ele 0.6 60 ate « ov, ues 0) 906.0 els Seis ols ies, © 


LB TSG) 7 8 peo, SN De et eR eR RE aE odor ieee OMS cas Sia Bele et Bt 
ICRC OMOMICH ae 9a Neee, ten ton toon oe By Sata AY, Loe sete eee reo 
DEUCE EICHLER Geen aterm OY Metre So. SENN yen ta cmntek ork, obi erepcne le eer ih tee 
EOS TSL UES Pee mee ae ee ete he as. mS nia nak ae Bi shea eras Genoa ds Ba aes tne tears Me 
LOY CENT 5 eo o cS Ree Dp NORM et Aenea aE hk ROR Tie Ae tte e a ae ias 
Ty ERSTE TG HC ey es ety OE Ae Se a ae ee a a ee a ot ee ee a 
Wiech a mMicd MnP IMCEHA eT spi coe oo cep a renee eh estan Dee, Mtoe 11,471 20 
IY RGN FE/CRNG YG ina el Ae nt ie ee A a ee Oe Be, ee ee ae one By 100 73 
VIN AVRO CICHCE rete he ity cor Dery Nene aie oie, aoe an ts ee a ay. 2,164 74 
Tee AM COIS pe teeta Ue NG, sh hese ere y ase an te rood a ses eT ST est ore 7,379 46 
ORCC METCSIOOUINSS Sos. sr ae O)kcny Ware, 5 An le Bee ee a oh ee | 1,316 16 
OME CR SCCROL AT Ys Sitter hte pny eal « foc cNS That EET aoe EP. Meio en eee 4,758 30 
iPhysics;and Hlectrical Bngineering® $-°32 3.2 3c cs wel eel aiane ee 4,371 13 
ER OMINT Vizrgeton cee aust oie ee ct rete) he ee ES a BI ee eh Gee eee ee 4,438 98 
LEASE (HIE TRE OR Ge tel Bree ea re RS Se geal is PR Cees ROR aS aera tas nae 3,848 81 
SE] Ein ets SS Senne arte see te tenn eee OD eee ca ee Re nwo wey fener a ee 268,789 49 
BECCPATIALY SINE soviet ts canis coho ee cakeoete Bima oon IES Siecle Ri 182 60 
SOUS sey terete Oe. Chatelain hence alee era ne eo ed Sh nae Sloe 7 
MPECIA © OUTSCsar ee eis acre). aie tl eestor ers >. > Sicko enlace eo eee: 3,542 41 
PRETEDNOHES see Pee ce Fae Poe TEE A Sos 1,219 73 
WELeninaTryESClENCE tr. se chor eatin ckiehoii sede Seto a ee ee 4,188 05 
HOGIOR ICAL. e AAS. Shr ishere ate zetehete, Mebre ietetore aoa oats ese cl hehe aa oat one 2,847 17 
PTA AL OWN Ys ochre eh a both aie = Seto ee MMM eo A SEM a ary an ee ol deat iP ora ore 1,442 16 
DINO LOS A, A757, 20s) AY. 5 Aes PRT Ree TREND Lae am Mn ec gre AES 6.200 94 
LAY SHEE poche Son ae te, eRe Bees Te ee «ar apes ee Oe SS, ee es oe ‘$630,173 34 
Supplementary accounts: 

TISL OD IIIS co Vertes cre at, soaks Sea als ta to axe a a1 rs NE OE rs crane $7,058 86 
WATNEDS -lNAtitites tes iant «Shas oxoule oa aes eR ne eee Ol Secs 74 36 
HOLD MAVeH HE XpETIMEN ty SbAMON...- 5.1 arate ot eae eletel> actos a seiies = 2,650 63 
Wpper-Peninsilash xperiment, Station ..6.. Sve see eaten e ae miewte 11,140 28 

Balance Desinning: hscal year, Jilysle1915. | eacaee pea ees eee eteille melo oe ee 
Balance: becinning-fiseal-yeary sully el, 1916: crta sien chee ice seiie brane oe 11,428 52 
ARON [pce tar eRe Eases Mtoe Cue arene aa a MD eR EF Sa ia OO 9 ot 99 


90 


re ey 


$662,525 


94 STATE BOARD OF AGRICULTURE. 
TABLE NO. 5.—Experiment Station account for fiscal year ending June 80, 1916. 
Disbursements. Dr: 
Total Cr. 
disburse- By 
ments each receipts. 
Adams. Hatch. State. department. 
Balance’ July se WOU ave sex cge'e allie « auct nercreeehaie allt ewe one ret dvoreey ol] ameeetace ect oael| 
U.S. Treasurer for tiscall year}! .:- 5.2. ce eel is Seance ne Peet ee | ee 
Pertilizer fees: ieee Be osc hol ORAL eee dl aR oer ee | ees eee rales ete dis axonste 
Commercial (Peed Stutis..:..2).../.|)5o © oa cam oeta el ciated tera eee ee | eee ee 
Apportionment from one-fifth 
abit UGS a0 6 (0 Dees el ee ae beer! Ponreeye  e eRetne ee dN ene torts a eta len oe Se oa. 
Animal seusbana ry ais e028 llores one ae | cree eee ee $766 80 $766 80 
Bacteriological. ..6c 6%. 2 ene $2,423 97 $317 84 801 84 3,543 65 
Botanicaliss.c ce. hee ee 1,016 08 442 65 1,829 50 3,288 23 
BUMS tins CLL we e555 cis chats eee eae cecal Ee 29 99 29 99 
Chemical’ Po4. 2 -paae eee ee 780 65 995 57 4,409 86 6,186 08 
UD FN ak a A PM ee oh Sh ET Ors | Sb eV og SAVER Le each ERE CH 566 78 566 78 
DirectoruistOmecesnmee cheerios Te Bh B) 494 48 852 O1 
Pintomolorical. oneness 12 10 259 14 11 279 35 
MUTI 650 bo acre re teher ne eerie ols ell Rs 1,076 08 1,416 15 2,492 23 
Forticuitardlines viene Mcrctracin cee 980 87 337 46 1,318 33 
ib Taty ara. eet elec een ele Coe eee 435 74 37 64 473 38 
DAVEZ STOCK f tied seers eter cae ere ete ee loc ote 36 17 36 17 
Salariesicy. (eee eka a 10,093 80 9,476 90 17,055 40 36,626 10 
Secrelary SYOMCO Pict nick eilline Saale faerie ome ee 5135 51 35 
Sols hate eects ax eee 673 40 657 68 40 00 1,371 08 
Balance: JUNC SOE UOLG Se. aie, Sep atnere pret oemoioh dnc shana ical nie A MERE EE Solon OF 
Oba ars Stennett Ae $15,000 00 | $15,000 00 | $27,881 53 | $63,039 50 $63,039 50 


TABLE NO. 6.—Eztension Account for fiscal year ending June 30, 1916. 


On account of projects. 


Disbursements. 


Lever. 


Lever State. 


U.S. Treasurer for fiscal year. } 
Apportioned from one-fifth 
mill fund, Lever State 
Apportioned from one-fifth 
mill fund, State 
Miscellaneous 


CountyeAcents. pees sen. 
Home Economics............ 
MovableiSchoolsemee .ces. ce 
Boys’ and Girls’ Club Work... 
Farm Crops 


Potatoes and vegetables...... 
Upper Peninsula 
Farm management demonstra- | 

GOW. Jet) Jorg ee ree ees | 
Control of insect pests....... 
Household engineering 
Country life conference 
Dairy husbandry 
Fairs and trains 
Forestry 


Totals 


$28 ,032 37 


$15,559 36 


State. 


$19,433 96 


Bie 
Total 
disburse- 
ments for 
each project. 


$63,025 69 


Cr 


By 
receipts. 


$28,032 37 
*15,000 00 


17,275 00 
10 45 


a eC. 
io, a ecoce wha wuelay say, 
oa lel aes e4es o 18 


Pe CMC he Che erga 


2,707 87 


$63 ,025 69 


*Vouchers on file from counties for $3,032.37 as offset to Smith-Lever fund. 


AGRICULTURAL COLLEGE ACCOUNTS. 25 
TABLE NO. 7.—Positions and salaries as shown by pay roll dated June 80, 1916. 
Classification. 
Grade. See = Extension. 
Experiment 
Current. station. 
Administration and Miscellaneous: 
President’s Office: | 
IETRESIG CHIU eicecc ac ws are soabel Sedbcuenereiems visi om $6,500 00 SH DOOMOO ew rcearcte niecetevell sce ei stetepaakoitetes 
TES et EVMICTIDUS). ;... ss <iche eis e's aleieves) 4 4 | 2,500 00 HOP HOOMOOES scars elses «| chem elsaenctatensle 
(Cabs oy ete Sn, CNCICIEICRE Re RENEIE Eee, Bun Eitieae ene pie | 1,400 00 Tee YOO) SOD leterpintarsaeteccutcnech (eickenca: bagia Macrona 
STCUOLTADUERS cae 6 x w'ziatsl asec Glens sles! oie 850 00 eSPaC CISCO" U) MIN chee Noe CREASY [evo sehthdatccnc te oitas 
Secretary’s Office: 
MECKCbAL Vie cle tierce wale ie ane ebekaaneteie ele a diate 2,200 00 b1,500 00 $700 00 
(GAS MOT t oeeteaetaras tale hana av oka Meparcuatie at aoetek agen ¢ 1,900 00 1,700 00 ZOO TOO ie acteke ct ctelosccs 
IBDOKMKCEDEL Me hens ical Sisucictete asctevann atebensnshe 1,000 00 900 00 VOONOO ei tee ot 
Gnier Clerks sat earn coe a skdietorronancle’a elas 1,100 00 975 00 TZ SMO OI ier ieaes ehens 
Purchase Aeente cs. . to cctncce elses areas 2,000 00 DOOM OO 5s sncua teeeee eae Peer eran 
OT eae pS Sioa v's iad ohana taten omar eo tetetees 850 00 S5OK OOM pcakarerteote oleate eicterers cs 
(OTST va eens, uate creat ehetereamrciste re tones 550 00 Os OOM is Bis 5. 5.6 cose 5 eal erect ete er ineh te cons 
GOT Sai apt le tere slel's acecsiahdhe, saevsiersisiare Biss | 600 00 GOO MOO Mince heresies cell ere cette yoke 
Registrar’s Office: 
CRISERAT os, oft tre, sacle ensiots, Sitio ey seta cuee 1,500 00 TOO MOO aictds, cece rasa ail torent ae 
CTT rch tc cae ale 5 bisatackioiouate creas 800 00 SOOVOO MN rates treks all ete eeerce hetseehe «2 
ASSIS tA G COMMRCRISULAL «|... sche cree stelstets’ © 1,500 00 ESO OUOO Mate cthcd tie ulcers aretctetc 
Institute and Nursery Inspection: 
DUGMELIMGeNGENES % Sia sts stokes lac cere + ater 2,300 00 BOO OUR ecens sycvere sec $1,600 00 
Library: 
Tastee hee Hen ets are coe ie ee oe 1,400 00 1,280 00 P2O0NO0. fee ee hee 
Cataloguer and Assistant............. 800 00 SOOLOOR | seveente tie aileaiereomere ass 
ASSISt ante ial RAarlame erties slots vere sions = 700 00 ZOO OOM tears crete tall heme letie ices bs 
Miscellaneous: 
PERINAT GC CLP Mei Pesageiiertacesier sTecevs atau idle oveselate: oka 1,300 00 TA SOOMOO Ue ate a cpeererae cl | tetatmeet eg iors) s 
NTS VV LDC LUTIT ATI, % occa ec tru sy ewclielee «ef aitae 650 00 G5OV;O0 Si Saas ten rare Salle Pieter cacteeRe exe 
INITIALS wetter a tacbeac ane) wins ahetereyerene aneceiei'sae 500 00 SOOM OOM eects acovorenate eee leee ane te scee ton tele 
PAISEUTIE RN bites ete cieaer ale crete le iw orena ky Foner sus 6 4,540 00 ASDA OrOO Meta avcrere ciekey cul |seeechesceea suey ee 
SUEMOLTAD MET 2 eters calais ohne es. ele ede. wears 700 00 FOOMOO Oa cs eae oe pees aie eee 
SHEHOSTAPMEL oe ce wicrcis o efeusl er chen ee anton 700 00 350 00 S5OROO wet ccteae es 
BUCHOPTAD UCL. 2a spare ae a diateooreNsy onove ee oats 480 00 ASOVOON |G ee usher pavers rallies ewes 
MECHOST AME na te a ci stcete ake iattrem o ctee ee 480 00 ASOVOOI. OAS eros lloras cberttes alas. 
STEM OSLUDUETES ee renctorece sige ote o aheaswennete 600 00 330 00 STO LOOM Ae Peo et. 
LOHOPTATHERY Ac is: ciate ete e eS eclegs toys 600 00 GOOZOOR nex ae kore cello tess ae aloes 
SHCNOSTADNET! a... crcc aherace stot gee dis aie eoeus 600 00 GOOMODs eecuevoe.c aie cocalllPaceeertatots cele 
SUGNOPTADMET sah ces Ae een oes eeu 590 00 SOW erccarals) A orcech nao eee ta overs 
SLEMOPTAP MCE. . spars, cccrevatela’vte aptena sie a eee 550 00 bs Ya {0 Nam 010 fall Raa ea OUND Cicthtolh Akt ore 
SLENOSTAPNEr. a. 2 = she svole wieder teers aw eters 550 00 DOOROON paces eaneeraks Aller ce orks abasts 
WUSMOLT AMET erate cool rutecahar sie eisai 550 00 H5O OOM es slewttereresn real aes ree ehehete 
WLEUOSTANUGK: ninth mle craton atte anche 600 00 GCOOV OOS |i ee laachayendto.cc leet 
DECltebaryey Nie Gs Ave Mee) Ges 5 See 500 00 SOOMOO! dre ccsevstencnsteker cots leitepeics chats eich 
Dinectorn MeeA Ch CHOMIss tk ace coe 500 00 E50 (0EM 0) 10M Menhs  oacpisicurscr eal inc wc mate 
Instructor Meteorology......).....3... 350 00 SHOLOO\esctene censor eee. iets 
Division of Home Economics: 
CUM Me core tevaye eee Ale Bane rahar unedetoertiays mie iter 2,500 00 C2500 OOM Amd he are Clog aire mite ore > 
Department of Domestic Art: 
RTI EMAC LOI t or rece ota tass e/a, 5:0 otePo leh oteresenetari ene . 4200.00 Colle P4000 (010), hea crctta dice oanailoiiact oat Bont 
SET CHORE ae the trope eres sis etl enc ehoe eekees 850 00 CSSON OOM ae ahs tote tala eeet Mca, a it 
OTST ME LOTS bacesteratais erate che. wea. ws ciel epee 700 00 CROOTOO MIS oe ehesie tie eel eects ne stone 
Department of Domestic Science: 
Professor 1,500 00 e1,500 00 
Instructor 850 00 e850 00 
Instructor 700 00 c700 00 
Instructor 800 00 c800 00 
Instructor Music 1,200 00 1,200 00 
Assistant Instructor Music... 750 00 e750 00 
Assistant Instructor Music............ 600 00 c600 00 
HAGUISE NLOUMEI oe a aie elcmieiea 8 vise ere 800 00 c800 00 
Asst. to Dean and Instructor Physical 
Cmte hee eo are tere areal ate seb conegy 900 00 COOOROOM IEA hex ofekeuct«. cfensvelltrepetey mtove eters) » 
VIREO ere etayccicaerticaate mooie erat sts Sisteus's 500 00 CHOON OO ek ecteercyestecsi es Rees ale et 
EIOUSE SD ITECHOR se cestoe sneha ee nee 850 00 CSBONOOM Mare age aietete pistes | rare tetin ol os) ee 
Division of Engineering —Dean’s Office: 
CATR TAS ar Mae ern eel eleva lave nie bo svedeienste 3,500 00 PES DI pAIIO) 1S recent Prope tt Irae ctr Oiceor eae 
Clery ee Fee ee eis wee case’ Slonre 600 00 GOOMOOR ema tee Aas lites stapes nme we a> 
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TABLE NO. 7.—Continued. 


EMIBEPICEOR tere have ee ictotwenstnein. «7s eestor 
PISETUCTOL oe fe ec ioicss ole fate lore takeante siaderayas 
TFISUEUIGLOE a ci. bis euadontatersrce loinc shoes mnatelelead 
ANStMACHORGec « ccrsteats astatiaxe mysteneneietet renee 
EYISETUICTOL: hice ances -e sua oe ee tebemelerh Tents ie 


Department of Civil Engineering: 
IPTOLESSOL: ees fetes hs Shee ereeret eh uetere te 


PHStTUCTOR Ss. foe ae ed, arene stale hie eae teee 
PNSETUICTO RN Geom aren eee eel ease oh cers 


Department of Mechanical Engineering: 
ASSOCIATE METOLCSSOL. jes toys sistas veils eee 
ASSIST An thee TOLESSOD seit aicte) ste os atehelensss aie 
TABLET CHOTA eects oles ayn .a ny cebeteh «cation echo Kelton eueice 
ANSETUIC TOU 2 pete ccm rete Sesto eee aire 
INGA SHO om orhcet bn ches to Mine ee aro Ino 
TRSETUICT OI yi eragsconiace ye tome ene oi eacheteke 
TMS GTTICTOT Sor apes taste tetera Pinole emeaces eae 
Foreman Machine Shop............... 
ENS EL CLOGS tts Gee oe ie Deen enoans 
HOTEM ait ea tbeEnas LOD sie iicn aitseleie en 
HOLE EH OUNGGYei Me she aennetrietcer et 
HOLEMAn TH Orgel SHOD eis eee eee 
SHODMEMPINGEL Mae ani: crepe -eteloleuaMeyorere ts one 


Department of Physics and Electrical 
Engineering: 
(PT OLCSSOT Se hiend haze < cie rs ete DO ee hee tee 


LHOKJ HES Pees ea AIOeIeD ceoic Bcd Ol aid 0 
PM SETIICTOL Asters siete oo erode eee ele aueuatey stars 
DETAR EUG LOR atic haveiter tno er are tee rere cuele 


Division of Science and Letters: 


Department of Bacteriology: 
IE TOLESSOD heehee ee oon te leva eects ek shelehe 


oa botsinulic(tt eo yo camiomoomD eo oc Geindoogcbe 
Research Assistant in Bacteriology..... 
Assistant in Bacteriology.............. 
Research Assistant-in Bacteriology..... 
Research Assistant in Bacteriology..... 
Graduate Assistant in Bacteriology..... 
Graduate Assistant in Bacteriology..... 
Graduate Assistant in Bacteriology..... 
Graduate Assistant in Bacteriology..... 


Department of Botany: 
(PTOLESSOT LS ioe eae Setetoc acleye Rioactateereeters 


Aoki (elo) omnis See Boats Jo Od GOD an 
Research Assistant in Plant Pathology. . 


Research Assistant in Plant Physiology.. 


MNSPTUCtOLS S2 an cree seeks Mele eaters 
iGalspAgilel to) eee os UN Miao solace b ouione 
ANSETUE COT escarole eis esis oeeraetcdots ale anenees tens 
PNISTTUICTOT se ne 2 co ntetae cheer eeeeiemeretons teen alts 
MISPTUCTOLS 2 oi cls dre Aenea erate 
Assistant in Plant Pathology.......... 
Assistant in Plant Pathology.......... 


Rate per 
year. 


an 
co 
=} 
i=} 


Classification 


Current. 


Experiment 
station. 


Extension. 


<0 0 396) ele mode ieiie 


a 


Pi Meee Pk es Yee 


AGRICULTURAL COLLEGE ACCOUNTS. Parl 
TABLE NO. 7.—Continued. 
Classification. 
Grade. els BE Extension. 
Experiment 
Current. station. 
Department of Chemistry: 
ZTOLESSOT hc ie aie. oi cia ines homee seaxthntera tel ers $2,300 00 SS OOM OO ars sicketa suclars oslo ets ahaha coke 
NSB CIA TERE TOLCSSOLS cote) ately 9 a crdisl one -Pe 2,000 00 ASSO) 010) 0(0) UE tencoaceacy Ai eeacre letenay CHEN rcic eee 
INSSISt Alb EP TOLCSSOD aes. + <6 cicus stele es sie! 1,300 00 HU PS YOO MOC) Ws Gs ©, creas, Orgkc troll ovo oad Pho. ig One 
MNISETITC DOT arate letereks oasis: sushe ci tiale oletel Shayens 1,200 00 TP 200 SOON rece etarekoeieessts| aherst atoksieasvcrcnsr 
SOTA CUOG ee vorches eotol che, satel aks skoversuels ene) oasis 1,150 00 LEST SO OO eee scat eke sis snil ey eeehevebonstelia ess 
SEMEL GLO Tere ome aliees eine ceraie eect sy aa el seer et <c 1,100 00 nT nlf 00 0 0 Yoni (area pal ose conciioner| cee. accu Bacwokeac 
TSE RUIGL OT ere ete re sectetas nits leven stacnpel one ous 1,000 00 Te (OLOLOOOAcha as cet ac allo codes Oc abe 
SECU CLOT vores swaratslcnctitiae cay cllere ta tosa saee a 1,000 00 1 QOONO0., ics ebs cyte hes ciel ltreienaeztent stctels. s 
IES AGU en Sen See eirote ccm trom eke Be 900 00 GOO) OO es ae seis & Se eieaeees ous 
HMISETUCLOU sa oe 6 cicteiclen On eater tote eer ens 850 00 S50! OOM ec cee seehsnerenteneacen Ae ore 
Department of English: 
POLESIO Lene Seda tie sie ello NetenaTatonnee st ier tions 2,500 00 2 DOOVOOM Re Gate wale, ngs Mogan se lememee sets 
Assistant Professor 1,700 00 £ COOK OO Wes Oe. soci eRe eee ee 
Assistant Professor 1,600 00 WAC DSO Pa esteem ice esrry (pro creato & omicians 
Assistant Professor 1,500 00 DeFOOOCOON steadied chevrolet ec | cxekerchetemereber ates 
Instructor 1,400 00 LAOO KOO |e 4. cecverareheh 2's, 4 ]| Garett oats 
Instructor 1,200 00 SZ OOF GOE | rey several Acces ltacke stereos ence 
TSG TUC TOL crite fin ie arene ars Chie ee 1,000 00 TOGO OOT | Rieistaccetet= a ceemen||s orcaeyeneeern toccns 
MIS PEM CLOGS cr sicuc tee: oie wis lalerete obesee ere 261 | 1,000 00 LE OUG AO Os cent chsisueitel siete ltsbetkenenedeneboneuscs 
MM SETINGHO Revate cvaretts oe ic oketre eet too 2 1,000 00 TAOOO!OO™ |e se8 shaeirsnerh saat | hakarttenseteus ccke 
LS SPARULEIO GG icic cm Dove eNON: ClotG. Dy DEAE vO aces 900 00 SOON OO ick varoers faye oilfnd iorede teens 
ILA SABE OS Raa Co & cco oo Oo OnIDD ao Ck 1,200 00 SPAT TOE a ean aollacacmosus cece 
MNISEMICTOT 5 sya ee oem Se Gin ant dicey as eowtecevere | 1,000 00 D> QOOLOO ig bene ciarare w ertne, | Cheeiereretekesterete 
Ua RineUto NOTH.) cesciots 5 Gcpibraert oo on clooMmrloor 1,000 00 LP OOO ZOOM | eeerara eo sic ok hess =: | tbsyene steer hee ons: 
Department of Entomology: 
IBTOLESSOI Ss pcccrtscl Sh Fae ire eae ere oa nays 2,500 00 a2,100 00 $400 00 siletaas aaclas 
ASSIS AMD PE TOLESSOL spe cece e else) disnererslistere) = 2,200 00 400 00 Di SOOROO A chera cree terere ts 
ANAS UTULCT OD mess coe aee race ogee pict setene aah 1,200 00 950 00 250, OO Cites ctaeiens conch 
MTISBTITE FOR is eue hun be) oiraive ce tach chewsvfettu arate 1,100 00 600 00 HOO TO Om ee see ee 
RISE ELT CUOT cea eosin aici eRe NTs net ovepare 1,300 00 GSONOOM iessvaesetere ete $650 00 
MMS PeChOn A PIATICS ico. aiatere fio eisiehe ele eccne 400 00 A OOOO le ee vtewel ta tover eae ltodoys a 0 cael orate 
Department of History: 
TO LESS OD hy toi Sica, eyo art yeRO HN Mie rotons 2,800 00 2 BOOLOO Ae ny v alert. os allcteeae rte 
ASSOCIA RE TOLESSOES «2 sj ale bev erayetea «tar si suors (0 2,800 00 2 S002 OO! raat neers oho [Peete hee haves 
Iain UTC Kos Ae Ol Ola cine che cc caenart ae | 1,300 00 | il rL0X0) OO dingo choked |G Com ago Goee 
ENS PTAC LOLS tc Sravave vars © eaiswakole my canker a readies | 900 00 DOONOO ears ean aeeteoralllercgers akties 
Department of Mathematics: 
IPTOLESIO REA rior. fericatal tale ahs Chel a een tonehe ak dese 2,800 00 2 BOO" OO sche. < spaces eee peista eset has ies 
ASSISEAIE EP OLESSODatarsratn evaPoye Giskn srareenroisice 1,900 00 TE GOOMOOM Ns weeace bee crates wllteeeeees date ts care 
ASSIST Ant eeTOLesSOLetrys chetiebe caereasieneicrs oie 1,500 00 De 5OOV OO | e-ceaps ieee ieee Se arkeyede eee ee he 
TIS ULM CLOTS te caste Sete wie dae si Seeks areas 1,300 00 1 SO0L OOw ass 2% Mace Stee lle eee eta. ne 
UTISBEEICTOR es Sea ctensreconchcletale erty oeanleg eerie 1,400 00 US 4Z00 OO) irs aekatesearakarosetl|lGrs & stoops erenetene 
MTSE TUE LO Dette tare aie orh cea te sere onene eke aie. 1,300 00 TL BOO? OOi cco anserr sce ey < bre) | kW aeeeeae tesa 
LTISERUTC LOL ens ar oko. ony ce ata ee eae ae 1,250 00 bee] 07 OO al ee ontict igeneierlic coors cin op Boece 
MIPSC TIUCL OT spt esos cose s)le a iorensl stays sae. cus ea 1,200 00 Le 2ZOOLOOn | mere. cntegctaasterered| | aehekeeketiets Shake 
EMSHIMCHOMS sae elscars sca ces cvedeteae een) Clarets ce 1,250 00 M250 SOOM | ca kre Solero, a cy sire) lace awe eee cays 
Department of Military Science: 
BOLE CAU beac Not cigars ton aMoccuatel com a alubehete ose teloetas 1,000 00 1 QOOL OOM aderd nk ceotey od Ait bebe, coer 
Department of Zoology: 
IPROLESS OL teste a seks s cesle sd ehale So, whee out 2,500 00 22 HOOK OO as secre cout ead ieee cious 
IASHISTaITiy ET OLCSSODe 0.0.0 spec's Be nie stele =e 1,500 00 Pe SOOMOOA CE Wah ncraetot| eitereeerae esse 
INSSISEAN tee TOLESSOL. a. steve ects eon 1,500 00 i Ltt 54 07 056 0 0 ace ere aN seer eS) ACR 
Instructor 1,400 00 LFA OOM OOM ers cts oat acct care apatites ois 
Instructor 1,200 00 DH 2OOMOO ANS: yetetthsesnet oll eset ceoretoeke: «or 
Instructor 1,000 00 i SOOO MOO eacceicyarcietoes oleae ae teieiens 
Instructor 960 00 GEO POO | acraprt tsetse ney eke es 
Instructor 1,100 00 POO T OO Vex .8.) a claparate chee atestewer ates: neve 
Division of Veterinary Science: 

CATS ee, so ge EN ceca ued aunleite elites cee 3,300 00 Sy SOO HOO et pierre aoetellichercbatal oretcte: © oa 
IASSISTAN PEL LOLESSOG i) ea eisle ts aie eos ta 2,100 00 Diy LOO OOM secs oe) cretacted gall elahneyenttet she's 
ASSISTANT, PLOLESSO0s sor nt. pain enter es eee 6 2,100 00 Ze LOO “OO Wee eys cierto oye) |icdoesctoe date ss. 
“ASSISTANT EP TOLCSSOT:«. 75 dale cote cle arses he eats 1,800 00 My SOOM OO iicicc: cet eters teks Oka > chextteis, chele sce 
MTISEMICLOM xi coterie hon bietkia Sore eters Hei ela te! aes 1,800 00 Ms SOOKOOS are, srevents cisiettel fence’ scalishesateie 
TIS UL ULC TO lyre tobe tes cece rete oven ol cisievane ore) ohare 1,700 00 WE TOO OO’ | arets svevemetae: (A Sekereters acre 

Division of Agriculture: = 
DDE BTN ave ors Saverio, aoa: > ayes cretatatenare loteve eels! erage 3,800 00 a2,300 00 TF DOOKOOM Ie cicicresfeles, shes 
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TABLE NO. 7.—Continued. 


Grade. 


Department of Agricultural Education: 
POTCSSOR So Fa aetare to oar eloteerata menace eters 


Department of Animal Husbandry: 
Assistant IPFOTESSOF:)..). Gees oeieetels ocetels 
Abas A yee Kt) RR aoe RA Ne arta toc dict 
PPISETUCLOR AG oar. (ats}etots tetetora rete ineye enciees inns 


Department of Dairy Husbandry: 
PLOTESSOL Sipser oo ieee hovouts eee reeeelatoter: 
Instructor... 
Instructor. . 
Instructor... 
Tbsp Hb lg 0) ee ea Me SOP hoion paalicws 
APIS CTAICE OL 1 sieha) etotata a elo eee amu 
Instructor in Cheese-making .... 
Clerks oh. biota niente One hott : 
ASSINDADT Inu RinyinPy jy aes etches ore 
Assistant ine alnyane ce et -velarae one nce 


Department of Poultry Husbandry: 
IASHIATATIEMETOLCSSOMs . eeccastsrs ote saeaticlotane rs 
PNSETUCUOT ceases a fat tae re are oacdes eee 


Department of Farm Crops: 

TOLESSO La psc ey. fabeene ee ie one er tool oy Meee oie 
TMS GSILCTOT cray sete is ede ters ekere ee eke 
Expert in Plant Breeding............. 
PRStTUCTOR: ee ot ice eel isinke ete eenncl ons 
RR CSCATCH ASSISTING tees joicis ores ol ei ereterd clones 


Department of Farm and Horses: 
MOUETN AAI: € rc is fare 7otelele to ructanancl ates cacnovene ote 


Department of Farm Mechanics: 
ARSIStantURrOressOba. .jeieleelesetscieterenatavaltic 
IPSCO RBA deity oon non horeaopo 
MASERU CEO. creo fos te eis is 0th re ttehe) Velie 
IMSEFUCTON ee een ereilae tre eeelt er olatnaxciacle 


Department of Horticulture: 


PTOLESSOT yale ce umeroe eee ooo aie oore ; 


ASSOCIALE EL TOLESSOI). dye.tis) s foi) 4 sl stcbeveye\o ays 
LMISERUCCOL cc a epeeeaeee Cte oneralete ee teue wrens 
Gat Auh (Cia) eh, ee Serer nie Ah o.co oe pind Oo 
Research Assistant in Horticulture..... 
Assistant: in) HOrticulture ss =e. -~s's:- 


Department of Soils: 
PTOLESSOL..i. 2). cua ae mie RialeNeiniehs wie aeetele: ae 


Chemistry Division, Exp. Station: 
Chemist 223.352 ozo a tte one pies! ae 
Research Assistant in Chemistry....... 
‘Assistant in @henvistryss tie sic eisyecerda > o> 
IASSIStant, Ins C©HeMIshiry.. 5 slersem lateness ce 
Assistant in Chemistiyzn eile siceiels ae 
Assistant in ‘Chemistry : vrmlssis<isteis'> 
Bullet: Oller: 27.2 a4. us eye eae eaten s ate 


Division of Extension: 
Administration: 
DAT CCTOM hes eter ete cas (ane be eens ener ira 
CVC Ee ee ee CE ites Staton eiates ora 


me Classification. 
ate per ‘ 
year. = Extension. 
xperiment 
Current. eatin 
$2,800 00 $2,800 00 | oc cee: erent eee 
,700 00 1,700 OO} nic Relies re nie se 
2,000 00 1,800 00 |. $200 (00.4) 7c. eee 
1,650 00 165000" |...0c tas vee S sae eee 
1,000 00 1000-00 «|... ici Selec cekememenenees 
2,800 00 2,600 00 200 00 222 nee 
1,600 00 1600 00. |..cic.c:e%etaic atebeyal lene 
1,500 00 1,500 00 |)... 52%%,.6.28] coe ee 
1,200 00 1520000 | oi. 205.2 Sratell er eee 
1,100 00 1,100.00 |i. He ee x, oe eee 
900 00 900. 00' |. ota Sc. os ee 
720 00 720 00°). .0 Oe ae call) eee ee 
700 00 700. 00 ||. 2058 Ses xen loot 
SOO OO! Ws. ae syaees sepaccee 900 .00 ||... 3 S-eeeeee 
L050" 00 Eat ace oaeses 1,050.00. |... 5. eee 
1,400 00 1,200 00 200 00. +|.\5. 135 sete 
900 00 90000 sfitcra ts. one a, ac 6] ee 
2,800 00 2,500 00 300 00 
1,700 00 
1,950 00 
1,000 00 
900 00 
1,400 00 FT 400:(00 |) :ac. os siete svete | ote ee 
2,000 00 1,650 00 350) OO" |25 Aas eee 
1,000 00 L000) OO. 3. 8 Sec sleek cell ese 
800 00 800. 00) [inne Ace eels nemo ee ene 
780 00 (8000 ec. a eee eee See 
2,800 00 2,600 00 200.'00- |. eee 
2,000 00 2: 000.100")... 53.5.%.. See eee 
1,800 00 1,800: 000} 6 5.6 .c SS See ee eee 
1,800 00 1 800.200) |. <.25 caer eee en erate 
750 00 750: OOF)... <2 ee cetaceans sree 
3,000 00 2,100 00 SODLOO «|... atresia 
2,400 00 2,100 00 SOOROD «| : S85 
1,600 00 1 600 O00) |. cies c'|' “ieee ee 
1,350 00 1 350. OO "|<< ceueeiegeaela 2) bee ciepeeeraeiees 
1200; O08 |\::.%..t0%- se eae 12002003) Soe nae 
TP HOONOO ST. co clea tetererekattc 1500 *00-)|\2% en exes 
2,800 00 2,200 00 600; OO 3). Seoeeaete, avers 
1,750 00 a Uy 65 0 is 00 Yee Peter ry ers SS > ad Oa, a 
1,700 00 1 200 OO) sy oy eeeere te areas om 
1,350 00 1,350) (O00) 4) oc ccqmueerse ole atoms = ote ats 
22200000 aes peeie 200000 aoe ves see 
2800: 00.4) nett: ate een DeSO0R00) |. << 2's) tee 
2000 00! 5.25 fetes 2,000 00 |..........55 
L:\600:.00) |eos5 peers T2600000 yc 3 Agee 
1100 400%). ion meee DeLOOL OD: |... ...\c7e clegemeanes 
1 OOOBOO | Rixyacesieace tere TFOOD OO |. tsa, Soper 
900) 00.5) aN cca reece BOOrOO® |. 3... ne eee 
660 00). Aieeieeeee 660700")... 2 eee ae : 
PRAULE UU U at Se a rrawotc linn Kerra ewan tea $2,000 00 
GOO OO ay reesttetoke weer ells ub wee vos rem ene 600 00 
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TABLE NO. 7.—Concluded. 


Classification. 
Rate per 
Grade. year. S f 
xperimen 
Current. | petian 
i | 
County Agents: | 
PALO eb CAMEL 2 ici. ses Reta etels net eNere en sieve PSOOMOO Ge wrsee roberto. ole cMekere nn desk cacue! s 
Assistant. State Leader................ GOOROD Meera errand sak scke seats 5 cas 
Assistant: Kent County. oj... (1c fone OOOOH Peete ero saere lose aycheoars aus akehe 
Assistant Gogebic County............. GOO ODE eee eoaPal caaaalihs Gaye's 
Assistant Houghton County........... GOOSOO Mase eto ieee «3 sie 
ASRIStAnt) (LOM COUDLY ct mists cans eucle GOOL OO eee rere ces uote 
Assistant Alpena County.............. GOOVOON |b ret laa Gas 
Assistant Newaygo County............ GOOROOM ata hee olen ema 
Assistant St. Clair County............ BOOKOG) Wai Fee eae eer 
Assistant Saginaw County............ OOOO: te aoe ete Cees 
Assistant Berrien County............. re OOOO iakccwetrcc ite totes Shaken es 
Assistant Wexford County............ GOGR OO yee ice ii? hes erect roe eee 
Assistant St. Joseph County........... GUO ROOM Hore Mites 2 ye ee eee 
Assistant Marquette County.......... GOOROON eye ae ete te 
Assistant Dickinson County........... GOOFOOM RS At mara tara lier t solr pains: 
Assistant Lenawee County............ GOOMOON | eiarciarle artes: Ae ate hel eee 
Assistant Cheboygan County.......... BOOLOO! Whee So itepeken mide erst ereycts are 
Assistant Ontonagon County.......... GOOROOR HS Seta treme lNexevarsten cone eoee sol 
Assistant, Ottawa’ County. .i.:.0...+.. ME ZOOKOOM 5 eo eke ce Rend hoc epeee 
Assistant Van Buren County LE ZOOROO |! Ss SEe Aare Belen ops ctet ca tues 
Assistant Mason County......... 1,200 00 
Assistant Muskegon County........... 1,200 00 
Assistant Allegan County............. 600 00 
Home Economics: 
BU CI A esr dasete) Aen neon ies RESE a sea 010) S000 Hel ee eee Seat] Lie A hero ue 
ASSIS LIME. «ec ae eraa ke ate ESOOSO00! 2 a eo ite le ahs ceeie rate 
PASSISLATID that ears oe Shoe Ror LF OGOSOOM aa ae ie aera iaey oka cl les cteveass.: 
Boys’ and Girls’ Clubs: 
BAe pre weitontnik usire ar ak eda sense GOOL OOM Waser ie tere casey ope eis 

Farm Crops: 

PIDCCIMNS ER eres cee ee ec eros eee TOO ROO Re ieritataiateavepe \etete cron criete! Este 

SPeClalish shir pete PO oe eee, LOOGS OOM iter eocrn om lana scradaisest ee 
Horticulture: 

SNCCIANALE otra ng oa Ae eee PUN UALS eterno en and cl ouecmokac IDC 
Potatoes and Vegetables: 

RIDCGIANIE ER peter hte centre ck. vere hea ae 1 SOOT OOM rena as chew ce sullereteaccns nett ret ale 
Upper Peninsula: = 

LT ote oe oh tory Sater ae oe ete 2 OOOROOD perc eta sans lates ele eteeto es 

PASSIBLALL Dae eee i ate isl etic ea teene MEPL U AUVs tema once ent teic| (aie a.Cheneee acc 
Farm Management: 

PI EMONN rAtOGs a, sia kone eA eee aha ok BO OR OOM | eseraararetactes let ay te ausee Mau « 
Household Engineering: 

SPOCIALIRG So tN warns Setar ee es LSPA ONU UME als icra a othe leo. ober e 
Live Stock: 

PSDOCIALIS tere ee aye ests voc crs sch she ee AOD NOOR | acecrs Asieeoleca rete lipiet ares! tole ternter = 
Markets: 

Speclalist#on sy rcs s.ces the ne PRS OO} OOS era cea siterctete teva ibiers cuehalsiete overs 

FASSIStAN hee see tee ee crt ho See toes LL DS TORU: |e eects Oe aa cucu Onec 

RUG UB geiy peer e ree His sR ie Sosa ee ee $349,170 00 |$268,995 00 | $38,725 00 

(a) House. 


(b) Other sources, $1,000.00. House. ° 
(c) Use of rooms. 


29 


Extension, 


00 


00 


$41,450 00 
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TABLE NO. 8.—Salaries experiment station, fiscal year ending June 30, 1916. 


LD) tha) ee eI OOS eS oirinc nico eG om OA COG oo DARIO Sain, Soot Sa com eda © $1,499 
Bacteriolopist «......4.ccen mis deere cen ae eee Le ee ee eee eee eee ast ene eee 700 
Apsistant Bacterlologist < so.3 Oo. ci cscrenete nla ete aie Dhoom le cs Rese von heace earn ee nee 250 
Research Assistant in: Bacteriolory <\. sic)..c.c oso fo ce es ces ako al cite iol tnieraic eae ene 126 
Research Assisiant in Bacterlolosy , <.i..aiN cisco ese sic urelchobale vusle ste edie ale mene Renee 850 
Research: Assistant im Bacteriology a2 acc Fess mistave salare a leiotove ore niels toaie wudiciskereuuices tel eaeeenee 1,800 
Research. Assistant in’ Bacteriglopy soc: cece cc oso clee bole + oe Gielominte ian oh ene cen 1,474 
Assistant in Bacteriology... 71. Da anaete mie i ats onal ansis als Bravet olive ogre mt are eee ee 269 
Assistant in: BACteriOlO EY = is:.tesscde tie 0c sree wie csarele ore ge ble Ob tac a oretaie eietaie ee et ee 350 
faye: hoy l:) a es oe ae re hae ee ee en Pe Are Pa ner Pil occa yea Glo et - 200 
Research Assistant:in Botamy.. 3<)0% 0. tad aly cn lee cbelabstety olovoe WU einctal Seeks be ee 1,000 
Assistant: in Botany one ee fective alc eles cleveld «hole croseleceie, oisgarelorsteratsieeaiein Sreieaete eee eae 1,050 
Assistant in’ Plant -Pathologyicic. fos siesn Oo Slew eee Oe eee eee ne eee 1,283 
Assistant in Plant Pathology. ::. 5 )c\.cs ccsamiee ee ee eraeue ViietersEnte Glee oleae eee 542 
CHEMISE 5 SBE ie ln siede Sebaia Os Ere eulle sialed ei eereens DO Ob PE en lee ae on eee 2,715 
Research: Assistant.in Chemistry $5... oie crease ciate © aioe eens clckeree eta ee ene eae 1,974 
Assistant ‘Chemist < £2 5:.03 2.daht mrataoe thcke he ite eceteeeerere se histo etc ree arate ice eae coer 450 
Assistant:in Chemistry so. 4 ere coe ee ee ee ee ee Deb ale cists sto. ele ane eee 1,583 
Assistant in® Chemistry. asi. Pio eas tea cle cher aloe wae hehe ers ace tape eer Oe tee eee ene 151 
Assistant in CHERUStry. oe isc c clenete cise ele ea csgue eae where teney tate ate etehohaet eke een eto ea 914 
Assistant iin Chemistry. oe. 6000's c.cistesste oi ekdtaie ce. chet yerthe leucine ata temas hase te ete ol ee tee es cee eae 831 
HMGOMOLOPISE:: ve cic eis Storie Chnice saahe » seueltole ney cane eieyene OUI, IMS) otek obey STONST tote ete ap a teen 400 
‘Research “Assistant in Entomology ice ooo re srane ce Bt areca ol oer aie ie ne eee 1,800 
ASSiStantiDUDNGOMO)LOBY js. hoteilo lets o We alets los eis rae eee Oetaiens) treason eee ee 250 
Assistant in bntomolory.-- 37 \.isethi cc cite Som heterosis eke tee eee 500 
Dairy usb andmian’® sei rete otc e wlate od Rlrciastce slevane Cole have te lorbte cle washes sce re sexe pen cleee cece Rene nereney 200 
Assistant iniDairy “Husbandry: ii < Sve sien cieserene eh e ace Biers wie 'y vice nts Gen nee 1,033 
Assistantijn. Dairy, Husbandry 522 >. dicw)stemrneerynt on hie Dc nt Se ieee eee eee 599 
Animal Husbandmams hehe Hee ee eva wieseearcsclewe bie aus @etetale slalel tanta o Ghn area eee 200 
Barm i Crops: Wxperimenter, 32.)(s... 8%, itetaie ere cee wis puecel siete eee Wi pions sere te eae ake lo ae ee eee 300 
Assistant (nb atm Crops sas, ctate)stcetanschata waive. musta nerosalolietet oleate aie a ladeie ake olete tise oe Lorene 301 
es pe in’ Plant Breeding: &. oes" orrara onic avsue a 22 a, Sie whee sate alist o.cuena eres Sete eke eee ee 1,500 
Soils PHYsicisty ys Mo parce lestoe ee Race Oe oh eid deees Se Hier oae Ribiouats! okie ae elope eee eee 600 
Research Assistant IniSOls & os -riay2 ~ dic cocks clots ere lejolane ole: snetace ciolale ohave ene pievetege een een eae 2,124 
Horticulturist and: Vice Directors. «hc sleisvc ck ais cere sone = «a.slelelo oiecdiaidls aint oe atee eat eee 899 
Assistant, Hlortictturist te 225k ois ais oie sharain.c Sree ane ea wine le iat aera oie eet ee ee 300 
Assistant in Horticulture. sv: 2 s-Nec.cic eerste w sicleic.c 0 2 piotetemtoretsl clot wieha tole re oleh ies eletettele eae ane 1,474 
Assistant in’ FLOrticul tyre s.2.0)s 52h. oe coraiai c alousse tera wean ote eevee etaieieioie oe hete alae 600 
(HOTESEORS ei ei ho SB) days ai aife tS Wa) crave, sles axatchs & oee wena tape eee uerecals te rexoieioperaieter nals ores en aoe aeee 200 
Hat Mechanics 's 5 2 tf 22 eRe cee ere era a ete ae Rea tee e ieee ioes rete alleen Roterew nena 350 
Poulfry Esp ane man ace orcad: hctoks eat ph vie coeneatete aie athena hencle serene nate coolest ene ae 200 
INSPECtor OL Fertil Zerg o!s5s sie cc aiens sie er aieke ets Mae anals Le. are alee ae SNe Ueet See colonel uate el ona een arena 250 
1B bore cht tg ee eyes. ee Sirs ht A eet AEE Aaely APL ee RRA arn OEE, Lor nh a Nera at Ora Dero NOD Cae) ° 120 
BECTETALY 34 5 sce ote Hew ape iave abe wieie aloes lollestsueiai/aws lous lave h Store “oily soars Steves ot enasate esac fea io fele eee 700 
FATE oro aia cxe 555.5 caw aie) ola) Seaver aiatlopay SERS iexercrated gan Siar ave Pale at Lo wian eHOks aise pero oTene eae eet ieee 200 
BOOKKGED ET. 5 hae iN sievesp restored a ete-tih 3s anave alole piatalbraiane bees Belek ose tenO Ie  eieioie eer ketenes 100 
STCTIOLSTAPIMON <So-2 ysis aiprase ee fete may alee schoo lho s ictiatis- ayaa [ene vaio el cas! ote oy onal che tale tana ona a ce ent ae aaa 125 
S17 e100) 9g | 0) 1c) ere eee See Leen ems hatin oA Sice sc On dD Te 350 
PSLONOSTAPMET i crac te ons o a ioceoe eresa avoraye Tele ie oeahelotate exe) oj tere ha esate taaey enone Re leteieteo ieee eater 270 
ISS et @) (39 er ee OA Se ee eine dio.4 aT OG OCI DOO ODS Oot « 660 
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TABLE NO. 9.—Salaries Extension—Lever Fund for fiscal year ending June 30, 1916. 

PMATUIRIS TEAL Oy 1) ATCCLOD a aarcralst orovevete <colticis-icrslecale to) cVec dtu keno sroev ReneS cleleushS oiels a atsiblarsiehe $1,932 60 
METER LG te es eit ete tee ee eraieinls oO ore euaveracele eye svaliecste es. Sevete 499 00 
State Leader, County Agents........... 800 00 
Assistant State Leader, County Agents... 551 00 
County Agent, Kent County.......... 650 00 
County Agent, Branch County.... 524 23 
demi veNP ents, GOPEDIC COUN on toy staciore exert ate ctelwueva bldvc, a0 ers be before ueustat oi ete tars) ist ace 600 00 
Monniye Arent, TLOURHTON: COUMLYiiats syteneceeta revere cto eis cea ies eeare eeetees a eteke tesusteis reste ola ac 600 00 
Gonunty Agent, Iron County: . 5. j.<6.- «+3 600 00 
Me puUnnyeAcents KOnt COUNTY: (6c. «horn susie la) Sickel aves lors oiela, oes oconekayameve te aie lane) gy alehore, nyei evele 26 234 00 
WanliyenrentreAlpena COUTIEY sc. ete cieis strates ter olctone/ Glee aloseyaie eared oe oy idebeeae a, Sieenieee ier eae 169 78 
Dauniye Aten N CWA YEO OUNNLY spevcerere cierto telerik or sicenl had fceyNareroia saa eter ee ters cra telo vac 600 00 
ISGUTIEV RAL CNG, O02, Clair) COUNLY chie oes fo: cys secon oie a a ole nace Sate os Ohne Wie te De erate oe Ne eae 600 00 
Gounty Arent wsarinaw: COUMEY Cs. Yan tieuhe srayensta sin, suejinrhaln 5 sie aise alee pd ereue cerita icees a. 600 00 
WoOUnL VEAP EUL, WW ExTOLG) COUTEY a5 xis. )ec siete ots os Spiele d ajere. ae Ole Alelate ati Teebee emieteraleners 600 00 
Re DUINL VTA CCUL Ola dOSCDEY COUNL YE Arts, spo a =o claves siereclsid'e o Uie/e viziele & nie aro eete cteioteoee remotes 600 00 
Comte RANA, Gy Gi EE MCU MAG ers One COON en eo Mean ONDE ROnhOnean con bac aonodds 600 00 
BonntiyeacenterO1CKclusous © OUMG Yay enone nce seis ey erst evey our yey eoeaiie ties vale avane lays! avesete eta /onayensrecete ele 600 00 
ColniyeAcents enawee COUNCY 2 steve cites oeucneloveny viol s sl dlensie\G diele-e oie p 4 else elenmle acetal idee 513 63 
omit yeArent, CHEbOV Sal COUN bys sects. pateketaetchers cin srens cia cleyasevele ere-ele citi apovemtare ele lepovene 350 50 
onnryeNrent. OntonasOn COUN ees oo cimrce rete rics re: A cieialsnc cle )occmeweliny ore stele» ©. ederete 368 52 
ona yenceniy© Uta Wal COMME Aerts a icicied tereere re vietme uncle iwi clsismeuplecerae cies ace ayeteresold ou 600 00 
Cont Vea cent. AV all ULC COUUEY: «17 calc. & serie rs ss etn eeene eos eve aie ayel od ee Sigyayeveaielsiey nies 402 20 
CiiaineA renin WiAsOn COUNEY cx ciel cover. eA cloi h erarsierey huh We; aisie era clave i ivereiese oles elerearietelaye 450 00 
GWonnbyeN cents IMISKerOm COUT Y(s evaat ics ccche eine eles whets She tects choiee are pvdtarneleicie esse elebe's 402 20 
Coptyenceni. A llepany COUMGyr ins apo | 2.cueteip oeansiar Moca ede top aua) Seo aed tye Gas hy es shcllovers yids) oo 118 68 
County, Ascent, Berrien COUNTY sia talon tie sles a scefepe arc ope sie Sine cceuai s/Ohelee eld reusiens aatetete 201 10 
Leader, Home Economics....... EDO Oe toa NORE WED ad WAT OCP SAO RIS On GSS aoa 1,466 20 
SSIS aN i aCAGek, ptt OMe Bi COMOIUIGHS werctetolen clal-tidsletelelsfela dietstnsrem gee 2. talteaal ate at aloha 793 56 
Peernten t plitatl OMOLP CONOMMICSS ane cies seleferae a) ficle steloe: « nies lode teed te evel lee eee kent oie miei 665 20 
enieomebay sean dyGinls: Clit b's WiOEK. M52 cb 1.48 oid pee aha ocke: tov b cues ehateine cpa olen bewleteaetene 466 20 
Wenner me Ova aall ay Grits LUD OLEG wea le teh oxel'e cvers ih ie olrche) skeletal er thagave lovers ole eave tora leley 150 00 
Rives Cuore! SiveeCllisog soome babe MOA todos 3 ota onn pode soo onbuor moreno enSop 296 70 
TEMA TOPS AS DECALS UL rere are cotere ah Ts onsite Le chara ASE ys ke by cree dats er cals allolel ein arabolamerete 497 80 
MATE OLODS, SD CCIAIISE a, oth cis eno c.s1s acsa bars alt sieravalaconcl a, oaeuce Sinnclei etapa eben re RRA ee oho araleT eacteete 1,000 00 
Re reereeBTIS LEG UIL ES ar tote wera acs tote ccieurote ects! Sue Elctha Rlotcoden chiar stort ower Ah terol ctemet ae se reat dairoy soesas aver oy seats 1,330 40 
SPCCIALISE MM ELOLEICIE GLILGl In oterotecce elelera cee wn aba, cian vias uieeioke ate ooh erent kcioie ino orauee ana ae arer matte 834 30 
PBCCHALIAL PE OF CICIIGUTO Se yae tone, shel sre apn ars ales he ¥onct atte ehae oo akelob aerate eiare ocean materia 708 82 
Specmlishs Potatoes eandever eta bles m.o. cits. clehserintwas etepeiyerbateree ae crt oie verrebse ete 1,749 60 
RG DLeSePALLV eS LeU DPT HLCM INISU Lee oayeres clear etot ot alcy aveto rs afore chore! arte ie etielat a heteter evelere) =ichrareretarare 2,000 00 
REDTESCnLALLV Gil UW PUEL POMS De varay a: «selec het senior syorcic. dod mtahobeanterecste ue cesies overele ote ete etal 6 816 20 
gaia AUR PCC CCL) CINOUSEDALOI os rals sits a. + ac oistaye doh sactaiars stare aveuee o15 gibostevevere. aahatereme ners 500 00 
(CLES 1p. sora AS airy ox Lege ORCC RODE ALSOP IE CHRON ey ase es ies rare Oe oe ie a Oey 385 26 
Specialist, Entomology..... Bar qapacmT dtl oop) BOO bone p Ot © CAC Os DdonC hee noe 650 00 
eaten se OuUSeUOLGL MNS t NECN sii. ere evaiciahinte > oreiee clears o. osi bre hehe creo Goble wie oD Asus neat 1,166 20 
HET AS ETE eH OLCHULY 5 ta ictere artes, «eho nlsy eal ox cronel ciiotey eee) chale ok e Mahele aie b val's-/5) a cet ote teres gante ele/eus 997 30 
SPECIALING ee EVE SUOCK Ae oe tis. otal exce oid oa ole co, racer suey a eB oPaOn SEnIN Ts OTTER ea ee roden Seen eiaieoce iat 469 20 
EV ITEC LOTAAIVUAT ELS sh. 5 Ciders evtha. oie, wa asters sr evelee versie blspete thy oe Oo nce ene oe 1,051 60 
ESSSISPAN EM LCCLOL VIAL KOLS. <.5% 5 5 arergeny oe ccue¥a cieneec arty teeee tenet te me et ure Senet RR OTE eee ter 251 40 
NS rUuer VWWOLKErS AamlOMOTRens! a 5s tiation byte tes Fcc t aa eee tPA ne eee 7,709 30 
RIG comets bra, tyes: Soctaea aaah ous oie et Ce aiat alle ates Sita eenke aes, SNe CIS Oe PL Pe Mae eho au ata are $40,722 68 
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SUMMARY OF COLLEGE INVENTORY, JUNE 30, 1916. 


Calleze‘farm and park,671 acresi aisha ee ee ene 


Athletic field and drive, 13 acres 
Purchased C. D. W oodbury, 1916, 308.82 acres 


Buildings— 
Library and museum, built 1881 
College Hail) built 1856-2... 2:6 (tea a eee 
Wells Hall, rebuilt 1905-06 


= © 016/80 ole Bue ce a ps) mies 


Chemical Laboratory, built in 1871, south end addi- 
tion 1881, east end addition 1911.............. 
Veterinary laboratory, built 1885................ 
Horticultural laboratory, built 1888.............. 
Entomological laboratory, built 1889, imp. 1897... 
Botanical laboratory, built 1892, imp. 1909....... 
ATMOPy OUNCES tees eee See eae cen mci we 
Greenhouse and stable, built 1873, 1879, rebuilt 1892 
EW 10 Pal KO 0 AG Ie Oe ere Me a ae Th cea ee eee We) ae aa 
Boiler house and chimney, built 1893-4........... 
President’s and two frame dwellings, built 1874.. 
Six brick dwellings, built 1857, 1879 and 1884 
One frame house, pile esnk Seton eee bho 
Howard Terrace dwelling, built 1888 
Farm house dwelling, built 1869 
Herdsman’s dwelling, built 1867................. 
A eee barn and shed, built 1868, 1875 and 
Sd, - 10s arn aoe har bite urcuse tate ee oe Tae 
Bull barn, repuit19005) <5. ee oe 
Sheep barn, FEU MOOG: LP Ss os reac a. eee 
Horse barn, Dutt WOOG ors octee eas hs) eee 


Piggery; rep wilt 1907, ee etn re eee Lert eat 
Dairy bar: rebuilt T9002. tos eee eee 
Farm mechanics building, built 1881......+...... 
Poultry house, ‘built 1906 2s 4.45 eee Oo ae 
Incubator house; built 190655055 8 ae ee 
Poultry honse: built W907 os cere ee eee 
Three poultry houses, built 1907................. 
Ten brooder houses, built 1908.................. 
Gorn barn Saya eis eyes ee ap oe ae 
Stock judging barn, built W694 2.45.2: nats aes 
Brick work shop, bulls 13570 Wee ee 
Observatory, built 1880................ —ph has teat 
Bath house and fittings, built 1902-3............. 
Hospital; built: US045 a.) 202 Pea tee eee 
Waiting room and book store, built 1902.......... 
SENT ECISUOSs Peete cde cic AE Oe 
Coalished;tbullGel 899) 22 oc cece eeaceiea eee 
Women’s building, built 1909 
Dairy building “built 1900.6; 2.0 oo ee ee 
Bacteriological building, built 1902...... oy Seen Se 
Power houses'built 1904233502 ace ee 
Tunnel systems puilt 904225. 0 ce ee eee 
Coalished SbuilG9059 23-5 oh eee ees ‘ 
Cold storage, rebuilt 1905; ss Soi ho ee 


Amount carried forwarder ree oe eee 


Purchased in. 1913-27 acres: as ene 1. he eee 


$22,000 00 


12,000 00 
55,000 00 
30,000 00 
15,000 00 


35,000 00 
5,000 00 
7,000 00 
7,500 00 

20,000 00 
6,000 00 


6,000 00 
3,000 00 
12,000 00 
18,000 00 
3,500 00 
13,000 00 
2,000 00 

400 00 


1,200 00 
1,500 00 
2,500 00 
5,000 00 
4,000 00 
1,500 00 
4,000 00 
1,500 00 
1,000 00 

500 00 
1,500 00 
300 00 
250 00 
400 00 
200 00 
500 00 
100 00 

17,000 00 
3,000 00 
1,700 00 

600 00 
700 00 

91,000 00 

15,000 00 

27,000 00 

25,000 00 

45,000 00 
6,500 00 
2,000 00 


$532,850 00 


$67,100 00 


$110,377 50 


. 
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Amount brourtit fOrwStG...~...- sa Ns ee be ss $532,850 00 $110,377 50 
Buildings—C ontinued. 
Tron bridge over Cedar river, built 1888.......... 1,500 00 
Eade ag Sgro s AALS 2g ace: fo Sle a ee ee 500 00 
IMitaitineis hed ae tree me ree ee ea ce es cualela y ool: 600 00 
Four hospital cottages, built 1909................ 6,000 00 
Agricultural building, built 1909................. 182,000 00 
auiber shed) tilt: LOE. at 5 cit tid atde WE saseyeiotese 650 00 
EEO INOS Et oc toes eet e tock tee, Lae dane Sh 500 00 
Piggery for serum production. .: 00.23 6. 2.2. eee 1,000 00 
Two tenant dwellings, built 1912................. 2,400 00 
New.dsiry, puuding. built, L913. 6 Sos 2s ates 55,000 00 
SL EMIO IN Ona icles niet Sees aus, oe ets Oe te See 600 00 
LDAIPOEST Po RL IGS Le Se i en A a atc SOC 600 00 
Vietermany, laboratory, VOI. 2 fastc calc owe oes 33,000 00 
Special chenmieshlabOravory 6... caicc 3.csere ws whe es 800 00 818,000 00 
Division of Agriculture— 
Department of Acricultural Hducafion...........0560..62 0b sce ose 767 31 
Department of Animal Husbandry 
Office turnijure and.supplies: 20-50) g.< 6. evs oe $501 48 
NAP AE PADRE PIG Sree Oat ep oh ts ee aia faces ees Ts ee 843 45 
fol Fie) eS aU ero sr Soc a 14,661 00 
EET CUTS ROS SIE fae 9 rg SL a ye a 1,297 15 
Miscellaneous tools and equipment............... Pbesy less 
18,018 23 
Department of Dairy Husbandry— 
(GSTS Nt eA ace RAN ENO ea ee a eRe $2,034 98 
Chemicals and laboratory supplies............... 6,564 59 
POMPEI AAPL rr gg Sie PC sere age ee oy ee 14,821 35 
eee 23,420 92 
Office of the Dean of Agriculture— 
RUENThHTe anges p DUES fot. She kee ee ee $706 11 
CReeTOOMIMUILNLLUEG sis sce ain Meee See 1,454 40 
So 2,160 51 
MananmcHi Ol EARL C1 ODS. 1. 5 42. SG cont ieee of ance Acov cnet es 2,382 85 
Department of Farm and Horses— 
Ae aa Ae cole coor tre Ps De Es See $4,232 71 
Wriesdbury farms <~ oik ei. bes bs crt gate eerua Se 654 51 
UGPRES tomas 25 ed fo Nae ee Oe Eee 12,820 00 
PINTS AER 54 1 tases Soars Gy STs Stace 833 20 
HOC oe Rey nt ashe 5h en hen See ogee 328 79 
—_— 18,869 21 
Department of Farm Mechanics— 
OT COM Ae) SIS AGM Re ASE Gr Get cok bat ee Th Ras $867 02 
POE OTS MOLS HIS Site oo eR oS Teach wT a SRN ge 1,788 12 
WU SHODEEy. 7) HH. sees A aed Rae A aa ees 1,381 65 
Machinery laboratory... nec one cce nt. ame 1,372 98 
> 5,409 77 
Department of Forestry— 
Office furniture and supplies..................... $704 75 
Laboratory and class room equipment............ 3,885 65 
BOOKED Bile patttprllulcts: 0 va .4-2:)< 5h cee eae 700 00 
AS ErOMents = arate Pato tes sell ee Sha 30: 752 05 
OOS AHO SITIES 8S Mri 5 ol oe ee Re Ss 600 25 
CMI CUI IMCHG A. Ws). wid sto ee Ie oe ae 528 00 
Piotosraphyrequipmient: ios)... eS. 202 82 
NEEACE VLOG baer ey: sie. one aoe a ey ale te 6,154 00 
' oo 13,527 52 


Parige aT ede CNETICKT FT ROREEL 28 3°, 08 2 OR oh ee tke LES ae ween $1,012,933 82 


36 STATE BOARD OF AGRICULTURE. 


Amount brought forward 26.5 Psst. Sher ees eee $1,012,933 82 
Department of Horticulture— 
Offices vo... 6d: Sees ea cles One nee ae $2,007 33 
Teams and harnensit os oeoc. sleek a onan hee eee 1,238 50 
Class reomr. Ja Gate eats ee ae ae ee eee 457 00 
Laboratory equinment.::'s...< ©. hes. bese see 662 93 
Toole. hae ire lee are et eae i tO aL, 272 35 
Greenhouse plantas... tents a ine See a hae 898 00 
Greenhouse tdOlstr ssied cst Oe ee eee 337 60 
a 5,873 71 
Department of Poultry Husbandry— 
ice furniture. se oe idee es eee $227 35 
Up PLES 5.17-.14's tecture ahs pokes bat lea ne eee a 36 47 
GOK. J AR AE. OT Be ns ce ean ees 102 63 
‘Tools:and supplies vase eke reek ere Oe cece 439 61 
Miscellaneous......... gh Ne aI teen Pas Seis th se 4,301 82 
DAVE SHOCK Sain tete eee hanes Coon oe Re Le 2,035 30 
PEGS Pc Se se cs De hake en hed eels Ce 142 71 
qe SS 7,285 &9 
Department of Soils— 
Apparatus sad suppliese.. 2s. Pe eae ee eta $6,839 17 
BUTT Cm Neos Selete ns eee eee eee 570 79 
CHERTCAIS eaten Bs ote ona oe Dhan Pe eee ee 241 24 
IECCTISCO NIE pein Bees ce eee wae Sie hear en a ae iene 11 40 
7,662 60 
Division of Engineering— 
Department of Civil Engineering— 
ABtronomical equipment. sie ee ste ile ek See $772 60 
Blue printing, drawing and photography.......... 423 21 
Drafting and computing equipment.............. 111 94 
Furniture and office supplies.................... 110 92 
Ly arsuli¢e Va Oratory. cpicau ois e eet ne he rote ote 215 65 
ADEA Y vce Se ee ee eh eed cen tee on eS 9 80 
Surveying equipment. Nr pate ty Sek eae oi 2 5,333 98 
WF ODN one ce A aoe hd he te Ro eee ee 50 40 
7,028 50 
Department of Drawing and Design— 
Equipmient =1oe.5 <0 .7. 2. tae ater eee aie ee Eee $231 51 
OGKR 5 ccs Sie en oleate sa cane eae en iE Tae 10 83 
Supplies..... coh ems hem Se Pere PWS ERR a PE occ Aue 21 20 
TOONS oops ecisehy os chews meer nko aerate Re ee 15 40 
SS 278 94 
Department of oo Engineering— 
OMCe 2 FEE eke cos ee Ren eee eee $642 38 
Mechanical engineering laboratory:.ccs Men ckcntertn we Uae 
HOUN GLY. tacks ren tee oe Ee Os 2,613 41 
Boater shops. s).k 5 Sie eee ae eee 2,219 07 
PattermshoOparestets 2 CER eo eee 895 49 
Machine shape ac ste. > a oes oy aoe eee ee 10,072 14 


— 23,975 06 
Department of Physics and Electrical Engineering— 


Books Wace eae OPE ota cee Re $5 95 
Furniture and office equipment.................. 538 30 
Supplies. 606. grade fee Sete eng eae tc 118 00 
Apparatus, ... Ss taweus re chee twee oe aoe 10,783 01 


11,445 26 
Amount carried forwards J 0.2) 6 oo 2.32 eo oe Oe ee es $1,076,483 78 
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MIAGUNCIDEOUE NY LOLWALG tvs 5 cats ade cea ee ae a Meee Rs eee $1,076,483 78 
Division of Extension— 

PArCinTimT Stet O Meme y rere eae alees) cece cask eee staat ae $811 88 
Wipper PComSUla te oS Ae cinch youn See we eae ee ee 171 23 
BovseondeGinlsis@lubsiomeeyn wires certo tO ieee 368 15 
GT EKSTO Ch sa gore a rc Poe ee ane We ease Bae atc aes 186 40 
IISE CE PESTS Vetta eer eae oa ores tees Mines menyareee 45 00 
EVO Cul Gunes wey ye seein tioes centers ce mente yole ake 7 Pas 
I AUIMNCLO Sk ee .eere ales ence aeleen a Mics eee ee 40 50 
fommevE CONOMMICSIac'..c es ee oo eee ee 168 05 
County agents and farm management demonstra- 

(WO) Me dam eT cen oes ee ae ra RESIN 700 O1 
VISE KC US eae me RESO Tey ee toe nt ce sae ee Sony Santepees 78 87 
Heiinnrensee ME HIGUIRES cin epee te ieucte sso sane elaine th ats 549 90 

3), Pu 
Division of Home Economics— 
IDEM eeO Cee Pee an eae ad eee UME Ra aaa Mee $374 92 
DTA WAN ALO OMe Aer os He rayne aac eae we ee eae ere 457 OO 
PREC LOM. ROOMIS. es. ii ca Ss ade tn ORT ce are e's 232 00 
HOTU SG ONEIC OMS since vn eR eae oon enter 245 75 
Sicomal sikeore (eomutekoyen + oy Ge uo be doe dae ene ae owe 22 00 
PNT CO VERSO ee MERGE Ue Da tone case nse Oconee Ame AE 
Serntralecorn GOna «eo aiseetne oe er ee tee eos 129 85 
Lea Ay RET OL LO ie yt Meroe ce ie erg gen ane GR Ace 138 15 
TB COeROOMI heey te eee cee he ekg has eye hae 88 68 
Guest troolmecsGs sctome, oo Sean ee eae cama eS 89 00 
UID GOTESHTICLSCICINGES. eeierrenn eoceooae he ice. eee sees 2,159 09 
DOMES CEA Uap es aee hess Smear icc cneBan ns ersicieteeme res 1,802 80 
INIT SIGE: cay Ae ePRRT pe ot nee ee ote Tas oe REED ee 3,452 80 
Rhy sical Culltune eo sca-1 apts esc cena cclar oatis Soeocete eee 920 97 
IDYorsoauiKeinzayiwaupobRers Aye pimreelL GlOmA Meee pelnG Siete ae 1,304 70 
laa aNeIT SCE Aes srl ioe cls Sk Cee Aa ae pete oa ees 1,062 83 
Golleretcottaoersiis::. css has fa ee: 546 86 
Day students waiting rooms and corridor......... 55 00 
RCCELGACIOM! FOOT soc ss Oi gutta 2 ote een 41 45 
IsMeneClOSehae set Me eee oes Card et ane ee ae 1,755, 30 
ORE LOGY, Sear, von Rect aed ohare weet Gon oes 78 02 
ME MITEL TENA gh AP he GAR eaian oe ee oooh Oe ee 48 00 
a 15,116 45 
Division of Science and Letters— 
Department of Bacteriology— 
erGeT ALINE se optecne te te ee ooninn ett eae rik Seve eae ea jase 92 
AVIARA GIS: ATIC. ISU DME Semng as hetancrs aabercystran Seen sere 14,980 17 
Office fixtires.and supplied. 742.0860.) een a 968 14 
Ghemieuls sets iai2 hey s keke chet ee eee, 2,218 90 
18,551 13 
Department of Botany— 
bpoks/and- periodicals . 6% - 0 fan «+ Sead a se $1,919 13 
LAURA STR VERS me, Caer eee Oe Pea RE RM DO Ar Ae E Oko cee 1,954 75 
IMiscellanequsismppliess:><..c:2..c%s ccc ee eee 349 00 
ABOrALoOry SUpPPler. so. Go bv ne wares ai ete ea ees 22d 
Wh Emil cal se etny sweets ae eho eS Rte sce Fone a eee 231 59 
JNO) OETA HUT team ree aa en Neer eee eo ieeerbp reas ec bat ba 5,796 10 
TARR ARG eet een oS OAER Witt: oats Sea 2 octane agate cn en Pye stale alts) 
BORIS Fd teh Geeks arate oe A tee hia Ae coo Ra eS 65 72 
EVErDArIUINine Meee sericea ets as eee eet 8,022 35 
21,701 96 


ATMONM AC ATTIC OLWaAlGt. Ae cos corte per ets eed nee suc Mame emerobs nile Sand $1,134,980 56 
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Amount brought forward.< 5.34% .Grvs oe ols cams auld pene ane eee 
Department of Chemistry— 
Purniture and? fseiitesii st 1s tae Mane ee see $7 5221 Me 
Laboratory SUPPER ons. ceincs fae seen a cree sae 22,694 09 
Chemida) pi ,.Ace2 ee oh cd os aoe ee oe ae 2,126 50 
Minerals. ste ae tics fi ea eet re tes meee oe is 335 84 
Apparatus eer ees Veo aor oA Sees 14,856 95 
Platina eyes ett. Salts. ae open sen een 5352.28 
TROOIS erie BPery esc Fes rahe ai eer ya ee 75-13 
Miscellaneous) 0:55 07 Sicilia pene wrens 475 63 


Department of English— 


Pusniture *. <.\. os anin, Wo care oes coe ee $514 75 
Books and office supplies: :(.35%..tieicas abe k Seen so: 675 25 
Miscellaneots2 s- 2.836 th cate eck es ee ae 128) 73° 
Department of Entomology— 
Office Equipment and Collection................. $5,301 25 
A DIARY c's: vine See tad coe Oe et Oe Eo eas 211 24 
Appardins Aad tools: »o%.. 3s ek eee eee 2,040 72 
IBGORA Se 292, biti: ae hoe on ee ee a 25171 
UU a eo ee ere a Ee a ae 265 18 
AGAR WATE. ater en Bou io hae fa ee ee ame 176 60 
SHEMICSI Sis 5s EEN Oe Uae eee eee 58 71 
SULATYy Sano ach Ane Ae: Soi eio eee 30 99 
Department of History and Economics— 
Heonomyrcs) "2... Ac esc let ek Ree aes Ae $206 50 
Political scieneeiand history.) 203: 25 4. ace cee 280 25 
Department.of Mathematics -<1 47... 7a: 50, 5. toe nae eee 


Department of Military Science and Tactics— 


Furniture andistpplies 232 51. nearest eee coe $1,986 90 
Band properties: <4: foo a4 whan bee areas 3,108 50 
Department of Physical Culture and Athletics...................04- 


Department of Zoology and Physiology— 


Apparatusandisuppliless: Aes. a leo aes $10,582 45 
General museum ons eee ee rs oe ee eee 19,970 00 
Baoksuis Tascd tks ees Ree ee ee ON eee 632 50 
Division of Veterinary Medicine— 
(cenefal ‘equipment. <i wy. seis v satacnisi een ee eee $915 18 
Department;ofinedicine:.< oo acs fe es eke es 240 57 
Surcery, and iOpsielVilcs. he ae ee ee ee ee ee Oot Kio 
Department offanatomiya. oe ere eee ae 10,419 16 
Department.of animal pathology................ 7,363 95 
Department of pharmacology..................- 1,735 12 
Miscellaneous— 
Carpetiter shop ts¢ 5.0 $. eh ie Shglcdc aes 6 ee ee 
Cleaning: so) ir aoe cite oe eo ee oe pthty CLR Ae 
Dean of Summer Session: ).7..4050 se ee er eae 


Amount Carried forward): -<.) s.. e e  eee 


$1,134,980 56 


53,338 17 


1,318 73 


8,366 40 


486 75 
649 70 


5,095 40 
262 45 


31,184 95 


24,549 71 


3,444 48 
417 50 
129 50 


$1,264,194 30 


AGRICULTURAL COLLEGE ACCOUNTS. 39 


PEPIN COMME LOPWATO 2 | oeis ok cet hacer ee Ma ee kes $1,264,194 30 
Hospitals— 
onerataGapiealer ote Es wey aus tus Shier e eee $319 17 
Cuttire nospitals x. ole e-ih pnie ns Seg le ese aoe > 929 88 
1,249 05 
RISE ALOT Bote 1 re A nee, kas SEU den, i oe aia fal eed RA RG Bw PTE 74,245 71 
Meteorolomical department. Pc. <oxnee-s- beets ns Cake tes anes 355 95 
Wiehigan: Weather Servicer.» de. cc; 07. ee tic tele apie etna arches we « 979 00 
Department of Nursery and Orchard Inspection. ................. 209 25 
JERrnh ol Farsi 0V0) 0 paediane tae Cp arA e eae: te Raa hae ho ee Shai tacte Wine ay nee 1,543 84 
RO SUOUICO ME het eter ey Pre ee ee eee Ree, 1,133 45 
Presta emt, SuOMl COM. fF nn oe eee ke ee ee ent EE ete 857 63 
Registrar’s Department— 
IREAISLLAL SHOMLCO mettre teres a arceman tere cic Sie ae $359 31 
GIT Ou CGts, oot tas Aare UG cae. Pires Ras cee ates 190 22 
— 549 53 
Secretary’s office— 
Furniture and, equipment.: .. 22. sch... 5. ass $1,431 41 
SCs ateete as atin coors ee ne ie ae aly 865 20 
Sor EEEEEEEEIE 2,296 61 
ULITERT Ute ash eats Neds enter her ceed Suna Siow AIT LA RCAC rena 3,315 32 
Wiellstilallicien Naw oe oe hes eee one htansrs Mee Te Mage 2,476 26 
Department of Water, Heat and Light— 
Batere partment, .aacnan es. deta es tcien Oeeee ee $2,592 55 
Generating PII oF etek =” <2 tie Monae eg 6,029 00 
A Moyo) [ci eens PIN k apc SU ce a Cake a ee 1,756 29 
Wiacellancous supplies ss 22) o5 oo kn oho ae c waee ae 442 82 
Piumbing and eating stocks?) .).8 > ics .a'e 5 one 2,042 34 
RCTS BOGE 3 12! 5.50.5 cvs ala Se aided nie oo 2,007 73 
Pipe ate MEAs lan bis.fh-cse is dae oe cee ws Pe 14 235 30 
lee Bri Celie Ninel OC Kors eres on a Fert ee a ete nce ed 1,643 94 
ign GONG kote stat eer: i Reed es eee es (ara 
Office furniture and fixtures! 0.0... Dee cota Za 107 54 
Prand OUSENPIAN 5, seve. 02 ee oko ten ern Stee 142 20 
WY ALCKWOL KS TIMES e.g soe a ee Ole oa Sok eee hes 14,463 00 


45,536 02 
eh SRT CCR pe IER ee ee tee ae Bee ae B Dig Samana eee ly BS ,O40 92 
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SUMMARY OF,EXPERIMENT STATION INVENTORY. 


Lands— 
[60sacres.at= Chatham...) tae babes ci renee $8 ,000 00 
140 acres at Chatham, seeded and fenced......... 4,200 00 
480 acres at Chatham, raw and cut over lands..... 4,800 00 
80 acres at Grayling, fenced and improved........ 1,000 00 
5 acres at South Haven, fenced and improved..... 1,000 00 
SS $19,000 00 
Buildings— 
Harm residence at/ Chatham... 2... -ses ees cece $5,000 00 
Tenant shouse at Chatham esc coete ote ee este» 1,500 00 
Barns, attG hath sarin ete oo meee ieee Re a ae 3,000 00 
Rogticellar ste hat haniesae ciceron oem es eae 1,000 00 
Hosshouse-ati@hathams sees fas cee 750 00 
Jee housésat Chat hans nt Nee 4 ote mee 500 00 
Chicken shouse at Chathams(i..56.4..99 . 263s sels 250 00 
Oldvbarnyat (Chatham: shores ie cere eet 250 00 
Granacyeat Ohana 2.) hana vee: y Cake Le eee 200. 00 
SheepabarmatChathamiey.s see sos sel cee 1,200 00 
Bigcenyaat Chatham s. sacs coe nee ce See ee 500 00 
Bactenologicalstablesas hsa..4. tac thee ae 3,700 00 
FL OUSE. se ents ote et a ape ae ee Bye es PE ee 1,000 00 
Stabionsherbacey bull din cen see. seinen enn 3,000 00 
SCECAM OOM eet Se a ine Stee ESE 500 00 
Slaughter Mouse st ecce% conse eh woes cee ee eee 625 00 
PLOTAPE Akl fa¥ Do oi2: Sis dace ne Rem ene 600 00 
Insectary<)tetot aie ede Soak cs Bee oe ae Stee 1,000 00 
Howl Mouse GT ew aes Oe ae Eas ei Re ere nine 1,000 00 
— 25,575 00 
Division of Experiment Station— 
Division of Bacteriology 
Teter ature see. ccc eke SE ee Noe eee $650 80 
IAD DATA LUSISs = 0. toc poate eons See eee chao tanec oN 11,394 68 
Office tixtures;andusuppliesin. cise ceca orien 235 41 
Chemicals a7 Sts Oi een: cies rae ete ene a, ae 690 48 
eet 12,971 37 
Division of Botany— 
Chemicals Seer tree oo chante aro ack coh a aeons $592 23 
Glassware test ace eee nel Gatien pine ce 1,048 87 
MCLENtNG ApPATALUS i a nel eae hae eth abes 3,629 35 
habora tory Supplesuem action ee erate eee 401 09 
BOOKS 2s rr ese ce eg ee LT eee 130 78 
Office, herbarium and garden supplies............ 1,371 28 
a 7,173 60 
Bulletin Room..... Ae ae rachis See Te ee ange eae eh EAR 5 oc 2,538 32 
Division of Chemistry— 
Ghemicalla s: 2507s ae tees San ee $860 51 
Glassware? tytn aie ance ee 2,568 48 
Porcelain ware.) sh cect etc rea ears eee 263 08 
Miscellancotistiet 20 coke rele eee 6,296 51 
Office furniture and supplies. ..0 5.2 ue vasn+ nee 820 98 
oo 10,809 56 
Director's office i: «<3. nd ee Soke athe aoe ia ae eae ate NETO e «eee 543 03 


Amount:carried: forward)... sc teens a toe ee eee $78,610 88 


AGRICULTURAL COLLEGE ACCOUNTS. 


ghia OltHty bEOUP Tb TOLWAPO)..)..-/. 4/0.e7 ens w sre vo wits fie wie es sale one =e 


Division of Entomology— 


(CUETO) Bee gener Sea trate ean eae ie ao a ae $882 49 
LEVEE CURD PIRE IG Oa Stee et Nate eo ieee A ped A 568 31 
PANTOY OFEW 74 1 GS NS eet pi ea IRC 4 coe ene ag ae Ae a aoe 2,029 68 
BOOKS aos Soe iov eis Nees te cdeictea s dee ee ata Miao oie See yatore 1,258 19 
RESIS WATE ois ees Vote ihe es eae a a ears Seana. * 329 05 
ONE MICAS’ =. Fe. 6 siak Sek ohty Aa ee set eh ale ree 205 50 
Ghenncal supplies! - 24 c.0cre es cs ca eee eee 29 01 
VAT a) SUE oa ee oe een ANE Ei A. 0 oy RRR eh 47 00 
SS HETTSW BA eee pene aa A Peta tee oe 17 82 
SNOT AMEL TRC MEMORY: occ 5 viens awa « aRiaedte wee Sate e 100 56 
SSUIRICT Eig teats vate one ape. ele te ees en Nhs ae 106 06 
DUO TRVTISSRU Te gi/o\ dad ets vi On 20) fee ie ea OG ae ea eg Fea al 
Division of Horticulture— 
OTIC Geetha yay ey oes, Shears eae PaO QA PE Sd ey TOR $409 75 
AIG ONS rsvp Some Nes Baa ssloaes AN Yi AE ete aN tite 15658. 55 
MetPALSULIV RU wat ee Aas The gt Sal ace Poles Aa eT RELA Foe MOREE a eae tials Mane 
Division of Soils— 
APPATAGUS ANG. SUPPLIES... ce. couse ce Os ect ae oct He $1,944 13 
LN STECIES IE) tle darn Ren eg ae ie iain eater ie 10 34 
Bouin tlayen: Experiment obabtlOn <= sss): 5.2. n+ o's eoenreitee Poa 
Upper Peninsula Experiment Station— 
Aools sand: supplies. 2).)220 he: sncieet es Pw ROA beh $1,941 87 
ICR SHE IOYS Foes ape On Setar Weis Deere aie reiseents ean tag Rake ae Pe 8,271 50 
TOS Re Oe Me Pe ee Sens ORAS Oe per a ee 928 00 
LLC |S oR De ON Seat) Rec ae ES Me Pt RE eR SE 
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$78,610 88 


5,573 67 
2,475 90 


2,068 30 
8,163 85 


1,954 47 
290 84 


11,141 37 


$110,279 28 


REPORT OF THE PRESIDENT. 


State Board of Agriculture: 


Gentlemen—The close of the college year 1915-1916 leads one to con- 
sider the matter of attendance in the various courses and I present, 
therefore, a short summary of our attendance for the past three years, 
together with some data respecting the relative number of men and wom- 
en students. You will note that in the past year there has been a con- 
siderable increase in the percentage of women students and that also 
the number of regular four year course students increased from 1435 in 
1915 to 1542 in 1916. The work of the students as a whole has been of 
an entirely satisfactory character and I feel that the work of our stud- 
ents during the year just closed has been up to the standard which we 


all desire to see maintained at M. A. C. 


ATTENDANCE STATISTICS. 


1914. 

Mio eat, CAMUCMOAMCEy yc score ie aac. ots oe arnt athecslialte even © hs 
Regular _Students (4-year course).............. 
Special Students (short course)................. 
HGPEEMUAMes Ole sO OU LAT = se ih caer si 6 p+, etelaceun |e sinir ae ts 


1915. 

otal: -AChen GAMER re incisars eee hte ting onl a nish sola = ate 
Regular Students (4-year course)............+.. 
Special Students (short course)..............-- 
Percentace” or UReealars cn - = sie fetanes eae Seiwa oie 


Oa: 

Mots Athen AMGe op a toacd vi stg seers no a son peters ees 
Regular Students (4-year course)...........-... 
Special Students: (Short .course)* —. e526 Jes, 
Petcenice, of Bemiian: scams oar. aedn heat eit 


COMPARISON IN ATTENDANCE 


LL a An 25 | lo OR ede, YE oo ay te 
WYO MNET es oe he ayes osiessoesguia SE SpE OR TERS. OF crvecin, « esas 
Percentace~ on female. no pes legs, o atstee ie 'epl o> 

PRs NS Tera ote ays ain e- oha. er peteea meeene ee, Ur reraas ai tatesele 
VAGINA ate cee ee oe BIST pect ete te cE Neate cow taatone Ne 
Percentage o1~ Pemale:-: 720 ties iat aiartosn a o)etne 

HOTA SNE Ti Pat et oe rire Si aie he eee ears ait Praie bitsy snes 
WW OTINES Tien ate ce et eases hase eae ah reales ketenes 
Percentage of Female «...........6..000--- 


MEN AND WOMEN. 
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1915-——Meni feist ee Gio semi a ae ee S 1665 
Wotten at. tiie ieee ice ere eae a He 334 
Percentage ‘of Memale. 2440.57.08 one: : 16 7-10 

1916-——Men Seo. pe eee tee ee ae eeu 1610 
WOMEN? ase. Fiera s See U DE mers tees eee eee : 383 
Percentage of Female. 4) occ 27 aeons Peg 19 1-5 


Sunday morning, March 5th, fire destroyed the Engineering Building 
and Shops besides doing some considerable damage to the east end of 
Wells Hall. With the help of students, teachers, and friends from East 
Lansing much valuable machinery and instruments were saved from 
the basement of the west end of the Engineering Building and quite a 
large portion of the machinery in the shops was removed without dam- 
age. The loss incurred by the fire is shown in the report of Dean Bissell. 

On the afternoon following the fire I made a personal appeal by wire 
to Mr. Ransom E. Olds of the Reo Motor Car Co., in behalf of the col- 
lege. Under date of April 29th I received the following letter from Mr. 
Olds: 


April 29th, 1916. 
Pres. Frank S. Kedzie, 
Michigan Agricultural College, 
Kast Lansing, Michigan. 


Dear Mr. Kedzie—Confirming our conversation of last Saturday and 
my statement that I would give One Hundred Thousand Dollars ($100,- 
000) towards the re-construction of the Engineering Building at the 
Michigan Agricultural College. It is my desire that you advise the 
Board of my action, and further advise them that in the near future I 
will deposit this amount in the Capital National Bank, of this city, sub- 
ject to the call of the proper officials as the work progresses. 

I have great faith in the Michigan Agricultural College and see no 
reason why it should not become one of the foremost colleges in the 
United States. 

Very truly yours, 
R. E. OLDS. 


In accepting this gift on the part of the board Mr. I. R. Waterbury 
offered the following resolutions which were unanimously adopted: 

Resolved, That the State Board of Agriculture accepts the gift of Mr. 
Ransom E. Olds with the deepest sense of appreciation and gratitude. 
In a material way the generosity of Mr. Olds relieves a situation most 
embarrassing and difficult. It provides means for the speedy restora- 
tion of our lost buildings and equipment; it removes the shadow of a 
year of grinding necessity, toward which we have been looking and of 
which M. A. C. has experienced many in the past. But this first great 
gift does much more than this, it places the stamp of highest approval 
upon the engineering work that has been done at this institution and 
forever closes the door of controversy. And this is not all, for it estab- 
lishes the fact that Michigan Agricultural College, as a state and na- 
tional institution, is not beyond the pale of private bequest, and that an 
appreciative citizen may here find a means of perpetuating his name far 
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more lasting and gratifying than can be done with monumental stone 
or brazen tablet. To have one’s name forever fresh in the hearts of the 
best youth of the land, to have given aid to struggling and worthy ambi- 
tion, to have made possible a broader and better life for some of our fel- 
lows or those who may come after us, is a consummation that may add 
luster to the life and memory of any man. 


BUILDINGS UNDER CONSTRUCTION. 


A contract for the new gymnasium was awarded to Charles Hoertz 
& Son of Grand Rapids, Mich. 

The contract for the reerection of the Engineering Building was 
awarded to Fred Trier of Saginaw, the new shops to Byers Bros. Con- 
struction Co., of Kalamazoo. 


A THREATENED EPIDEMIC, 


The loss by the fire had hardly been discounted by the college com- 
munity when on March 14th scarlet fever made its appearance among 
the students. The general hospital and four detention hospitals were 
made use of, and in addition the old boiler house was fitted up and used 
for detaining those suspected, or for those who had been exposed to the 
disease. 

Those who were afflicted were given the choice of a physician, but the 
general health situation was in the hands of Dr. O. H. Bruegel, City 
Health officer of East Lansing, and Dr. Ward Giltner of the College. 
The State Board of Health by one of its members, Dr. Harry 8. Bartho- 
lomew, advised us in taking preventive measures. 

At a mass meeting the students were told of the situation before leay- 
ing for the spring vacation and urged to note any symptoms of the dis- 
ease and report to their home physician. Upon their return letters were 
written to students requesting that they report to Dr. Bruegel should 
any suspicious symptoms be noticed. 

The College and East Lansing milk supply was thoroughly invyesti- 
gated but the trouble could not be traced to this source. A map of the 
infested district was made, and the houses in which the trouble had ap- 
peared plainly indicated. 


Total number of cases investigated and detained.... 21 
Total number finally diagnosed as scarlet fever...... 13 


It is a source of great satisfaction to know that none of the cases of 
this dangerous disease resulted fatally and that so far as is now known 
all of the students are making a complete recovery. 


RESIGNATIONS DURING THE YEAR. 


Prof. V. T. Wilson, Department of Drawing and Design, resigned 
early in the year, his resignation being formally accepted by the State 
Board on November 17, 1915, same to take effect September 1, 1916. Prof. 
R. K. Steward, Associate Professor and Acting Head of the Department 
of Drawing and Design at the University of Illinois, was tendered and 
has accepted the position thus made vacant. 
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In April Prof. John F. Macklin, Professor of Physical Culture and 
Director of Athletics since the fall of 1910, resigned to take up a bus- 
iness life. During Prof. Macklin’s connection with the College the ath- 
letics of the institution have been of a very high order, winning teams 
in practically every department having been produced. -The Board di- 
rected the President to tender to Mr. Macklin appreciation for the ex- 
cellent services rendered during the past six years. 


STUDENT EMPLOYMENT BUREAU. 


As a means for assisting our students to pay their way while in at- 
tendance at college the board last year authorized the establishment of 
the Student Employment Bureau which was opened September 1, 1915, 
in charge of Mr. Don C. Heffley, who is also the general secretary of our 
Y. M. C. A. The results of this first year’s work may be summarized as 
follows: 


1178 Jobs reported to the Bureau. 
225 Students furnished with work. 
130 Employers, including college division employers, 
Lansing and East Lansing citizens and farmers liy- 
ing near by, have made use of the Bureau. 


The net result to the advantage of our students cannot be shown by 
the above figures as it has made students acquainted with places where 
work may be found which usually leads to further employment. 


HISTORICAL SKETCH. 


In December, 1915, Dr. Beal’s History of the College was received 
from the press and placed on sale. The publication of this work was 
authorized by the Board some two years ago. Dr. Beal has spent a 
great deal of time and effort in the compilation of this history and the 
various steps in the growth of the institution are all noted in an in- 
teresting and characteristic personal manner. 


LIBERAL ARTS LECTURES. 


Following is a list of the lectures delivered before the student body in 
the Liberal Arts Course during the year: 


Oct. 19—J. S. Knox, Cleveland, “Business Efficiency.” 

Dec. 7—W. A. Blonch, Chicago, “Efficiency of Steam Boilers.” 

Jan. 25—Maud Ballington Booth, New York, “Out of the Shadows.” 

Feb. 1—John A. Lomax, Texas, “Songs of the Cowboy.” 

Feb. 8—Capt. Granville Fortesque, New York, “The Dardenelles.” 

Mar. 3—Thomas N. Carver, Washington, “Economics of Farming.” 

April 14—College Glee Club. 

April 18—Seumas MacManus, New York, “Merry Rambles thru Ire: 
land.” 
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DURING THE CURRENT YEAR, 


Prof. H. J. Eustace, head of the Horticultural department, was given 
a leave of absence from September Ist, 1915. His time has been spent 
in a first hand study of American horticulture in the most important 
horticultural regions. Special attention was given to the economic 
side of horticultural production and marketing. The work was done 
in co-operation with the United States Department of Agriculture. 

The opportunities he enjoyed in making this study will be of value 
to the College, the Department of Horticulture and the horticultural 
interests of the State. 

It has been my desire for some time that the experiment be tried of 
holding Commencement during the last week of the spring term and pre- 
vious to final examinations thus permitting the student body to attend 
the commencement exercises and also tending to the building up of a 
better acquaintance between the alumni and the students in attendance. 
This plan was carried out this year, the date for the Commencement be- 
ing June 14. The program for the week opened with an oratorio con- 
cert on Tuesday afternoon followed in the evening by the usual Cap 
Night fantastic proceedings, bonfire, speeches, which are all a part of 
our Commencement Week functions and in which the Alumni took part. 
So far as I am able to learn this plan is entirely feasible and meets with 
the approval of the college community as well as the alumni and old 
students. The Baccalaureate sermon was delivered on Sunday, June 
11, at 3:00 p. m., by Rev. George L. Cady of the Plymouth Congrega- 
tional Church, Lansing. His subject was “Work and Life.” The Com- 
mencement address was delivered by Dr. W. O. Thompson, President of 
Ohio State University, on Wednesday, June 14th, at 10:00 o’clock a. m., 
on the subject “Current American Ideals.” 

The graduating class numbered 264, and was divided as follows: 


WOMICULIULE | i053 sia Peale oe Se ae eee 104. 
HP INGEEEING, Tuk: Sean vee ida ties Coie lee ete tee 66 
GL CN IM Oooo 5 cae eae vcr 2 bene Puke hee ees ail 
Hipnign MGOmOniles ss). Mee cat se occ eects otto oe Or ees 62 
Meterinary, Megicmie oink eg oo on ss ts ie ae ee 6 
Advanced Degrees Conferred: 
Master: of Sersuce ate a ioe ye ee ne aa Oe i 
Prepfessiqnal : Deprecse aa ni aes aha soothes 7 
Honorary Degrees 29s es. 8 lowe oe ee ie 1 


On assuming the duties of the College executive, I did not feel in- 
clined to relinquish all work as a teacher. I have therefore retained a 
connection with the Chemical department and have taught a class each 
term during the year and hope to so continue if my official responsi- 
bilities permit. 

I desire here to gratefully acknowledge the hearty support of my col- 
leagues. 

Respectfully submitted, 
FRANK S. KEDZIE. 
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REPORT OF DEAN OF AGRICULTURE. 


To President F. S. Kedzie: 


Detailed reports of the various departments of the Agricultural Divi- 
sion have been given by those in charge. No changes took place during 
the year in the personnel of the department staffs except by the appoint- 
ment of additional instructors where needed because of the constantly 
increasing numbers of students. The efficiency of the instruction work 
was greatly strengthened during the year. Since the destruction of the 
Engineering Division’s buildings by fire in March the Agricultural 
Building has been furnishing space and facilities, as far as possible, for 
the continuance of their work. We are glad our facilities can be used in 
aiding in the continuation of the work of the Engineering Division until 
adequate buildings and facilities are again provided. 

This year’s graduating class receiving the B. 8. degree numbered 115, 
one more than last year. Specialization within the class resulted in the 
following division, viz.: Graduates in general agriculture 69, horticul- 
ture 35, and forestry 11, (Three of these degrees were granted at the 
close of the summer school). Advanced degrees were awarded as fol- 
lows, viz: Master of Science 9, and Master of Forestry, 2. 

The following statement gives the enrollment in the four year courses 
in Agriculture and Forestry for the year, viz: 


Graduate Students: 25. <.. apse see ee eee 20 
SSCIMIOLS:* cs o0 3 b.os ewe Oe ate Ee eee eee 124 
JUMIGES %:. 5000's". ete Paes ee bee Se oe Eee te ee ee 152 
SOPHOMOLeES: (s\- 5.6 ios < sroke eietia. oops simone Syonniate eens wees 222 
EUPESHANANL: iF 520% es eeiss ow heed Sle ee Ue aes ee 248 
PS POCIAIS 5) chatei? ic 225 b, clase ate bet yee crate ee ae cea ena 15 
Sumner Session? vos ¢..s/ esses eRe ee ee eee 98 

Totals: a5 6h Ske eel ee eee ee 879 


SHORT COURSE ENROLLMENT. 


Two-year, 16 weeks’: course,..1st years. 32.00 Sciges ee 116 

Two-year, 16 weeks’ course, 2nd year.............. 54 

General Agriculture 8 weeks, 
PETSE (Vea sss os,2 silc clot hee Be ee oot eee ee ee ee 108 
Second = Var Ks. sv bss wes Sav sieve ts Awe een ee ee 32 
Horticulture c.ieiccs bi bia wv ages 3,0 0 ete mes, eee eee 21 
Cheese, Making s oy 0% Ae oye oe 3 
Greamery,- 2.0: .j1n)c criss oe tistetne') site okt ee ieee <3!) 
Poultry ers Oboe eed ole ee oe eens prey 8S: 4 
Total <3 cups ob ceils, «hie ate oie t ab ok bere ern 372 


The total enrollment for the Agricultural Division, including both 
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regular and short course students, amounted to 1251. The unfavorable 
seasonal, crop, and labor conditions of the summer of 1915 undoubtedly 
affected the enrollment somewhat. 

My work personally was confined to meeting the following classes, 
viz: During the fall term the subject of Farm Management was pre- 
sented to the second year short course students, Agricultural Develop- 
ment for freshmen winter term, and Farm Management for juniors 
spring term. 

During the year numerous meetings of the committee on graduate 
study were held to pass upon the qualifications of applicants. And in 
addition to this much time was spent in considering the revision and 
new regulations governing graduate study. The Secretary of this com- 
mittee, Dr. G. D. Shafer, has conducted the work of his office in a very 
painstaking and satisfactory manner. 

The Agricultural Division faculty met frequently as necessity required 
to discuss various matters relating to the course, including proposed 
changes, schedules, etc. It is the plan to have meetings of this body at 
more regular intervals during the coming year for the purpose of getting 
in closer touch with the work of the individual departments. 

The responsibilities of the Farm Superintendent, Mr. R. 8S. Hudson 
have been increasing rapidly, largely owing to improvements in fenc- 
ing, and being involved in connection with the purchase of the Wood- 
bury farm, on which extensive improvements, including building repairs, 
have been made during the year. The demands on this department for 
team work and sundry services are rapidly increasing. 

There is an ever increasing demand for the extension of our short 
courses to two years of six months each. It is earnestly hoped that pro- 
vision for such a change may be made during the coming year. 

I greatly appreciate the generous support of the Agricultural Division 
Staff, the President of the College, and the State Board of Agriculture. 

Respectfully submitted, 
R. S. SHAW, 
Dean of Agriculture. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DEPARTMENT OF HORTICULTURE AND LAND- 
SCAPE GARDENING. 


To the President: 


Sir—I herewith submit the following report of the Department of 
Horticulture and Landscape Gardening for the year ending June 30th, 
1916. 

Professor H. J. Eustace, head of the department, was granted a year’s 
leave of absence beginning September first, 1915. His absence neces- 
sitated the engagement of an additional instructor to help in the teach- 
ing work. Mr. George T. Hayes was engaged the latter part of Septem- 
ber and remained with the department during the fall and winter terms. 

7 


50 STATE BOARD OF AGRICULTURE. 


During the spring term the teaching work was carried on by Mr. Loree 
and the writer. 

In addition to Mr. Hayes’ services, we employed Mr. Floyd Barden to 
help in teaching the short course classes. 

Instruction work given during the year to the regular college classes 
is here briefly summarized: 


FALL TERM. 


aie . ; Number 

Class. Subject. enrolled. 
SOp hs AG sects righ ante See vee Mek archer ie emetic teat tines Hon 2seeee 224 
SUIMTOT CA RaeS re LR, CR Me eae ae oe miei eeee Va car there eon me acti Hort. 435: 38 
SOmiOr Aes i 25 te eee ee Re RET eee eid ne Cae ng on Taman exert ONO CCTCES Horta 2 35 
Senior Ags 2a. Aan antennae ies wi aeetet ? aye iu AsValnaa ous) Casio enen shor one emex se Hort. 10a 35 
SeniorAg yainisece & Scene ae ee See roa &. coetetiahe ah ree Rates Seno eehiene en es Hort. 11a... 32 
Senior Age 2s cen Bar sco cds Sabb ratean, saneetanav chalk rps ites Ako Te eS he teaee Hort. tae. s 
Jiunionand Seniors WOME. whales oes ee ho he ee a rere ns eleaet aera Hort. 14 42 


WINTER TERM. 


Class. Subject. pele 
S(O) 0) ORM. 4 ae Men a eee ee eee ME Ske Ottis oot eaeEe Ol nok MOM McK Horivs:e ass. 193 
bh choy gal. V5 Mena Rae ee Cee eRe s Rooted Sage en a AE co RU ieee ceo Hort. St. 8 43 
Semon gsr ev os. ee oes Rn ee ete Gee re seer eee Hort, Scie 35 
SONTOT CA Se euie tas og sees As RL Pre ELS ror monoket cesar ihe Cea seme C eRe Hort. J0be. 35 
Senior Agee Foe dee rae at Re ee se i ee eet oe ents eee aes pete Hort. bees 32 
SemiarsAge ss Ae solF ced ses apa eee oes Sa et ee Naa eo oy ce ie ee Hort. 12b... 4 

SPRING TERM. 
Fay 

Class. Subject. ee se 
JUNIO “Aer SA ice ae apoucdasa ce aug: st Teer ee Meee RI AE Ie ieee RS eas Hort Gs se) 43 
SOMLOE AG es Fe ccc ves Shade Facts Se I aa ee eee ner apeee Te heiie a) eee ae eee Hort. Oe 35 
Sensor Ae eds ee Pace eee one SHEN) eae atonal RR ene Hort. 10c... 35 
Senior Ae paecee in Be Sie ee eI A aN RIS UA oe Reh chee tte eae Hort; Lier 32 
PSL ELEO LO) Ow Ns hie re eer PRR oe ee ene ri eat PUNE een Suerte OD H lon oo Hort. i2ce 4 
JUnioranmd: Senior“ WOMEN. edocs bet cic a iele ke clece eatin Ua od ee EL Tes ee Horta lise 32 


In addition to these courses instruction was given, in the winter term, 
to short course classes as follows: 

Fruit Growing, leeture and laboratory work, fifteen hours per week 
for eight weeks. 

General Agricultural Short Course, lectures, five hours per week. 
(Four sections for eight weeks.) 

Two Year Short Course, one section for eight weeks. 

Short Course in Home Economics, three hours per week for six weeks. 

Lack of room and of proper facilities for teaching large classes in 
this building necessitates the use of class rooms and laboratories in 
other buildings. Our laboratories do not afford sufficient room for the 
present size of our divisions either for the upper classes or the sopho- 
more work. 
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During the past winter, our laboratory work in Hort. 3 was handled 
in the greenhouse for the first time and we take pleasure in reporting 
the success of this departure from the previous schedule. It is to be 
hoped that in the near future, with additional greenhouse equipment we 
will be able to handle more of our laboratory work along the lines of 
plant propagation and general horticulture in the greenhouse. 

During the past year, the work of caring for the campus has been 
considerably increased. This has been due largely to the active expan- 
sion and development that is being carried on, and to the increased num- 
ber of buildings and of people occupying and using the campus grounds. 
With the improvement of the road connecting Lansing and Hast Lan- 
sing, the campus drives will be used by a larger number of vehicles than 
ever: before and it is hoped that money will be available to properly 
construct and maintain these drives. Additional plantings and 
landscape improvements are also desirable in many spots on the cam- 
pus and these we hope to take care of in the near future. 

It is a pleasure to report the loyalty and support that every member 
of the department has rendered during the year and that the work of In- 
structors Thomas Gunson, R. E. Loree and George T. Hayes; Field Rep- 
resentatives ©. W. Waid and J. H. Carmody; Assistant Horticulturists 
W. ©. Dutton and H. J. Bock; and Miss Nellie Strudley, Stenographer, 
has been very satisfactory. 


Respectfully submitted, 


Cc. P. HALLIGAN, 
Acting Professor of Horticulture. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DEPARTMENT OF DAIRY HUSBANDRY. 


To President F. S. Kedzie: 


In reviewing the college year just closed we are pleased to report that 
the entire department has been kept unusually busy, and, if we may be 
permitted to pass upon accomplishments at so close a range, the results 
seem reasonably effective. 

During the year instruction in the care, feeding, selecting, breeding, 
and management of dairy cattle has been given to all agricultural fresh- 
men and juniors, as well as to all those taking the short courses in gen- 
eral agriculture. All sophomores and eighty-four of the short course 
men, have had instruction in the testing of dairy products, and the oper- 
ation and care of the cream separator. 

Forty-two of the one hundred thirteen agricultural seniors took one or 
more senior options in dairying, and eighteen of these took their major 
in dairy manufactures. 

Thirty-nine men registered for the winter course in creamery butter 
making, and three for cheese making. 

- During the week of December 18-23, 1915, a Conference for creamery 
owners and managers, and a Short School for experienced butter mak- 
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ers, was held at the college dairy. This was attended by nearly forty 
people, thirty being butter makers or creamery inspectors. Besides the 
regularly employed instructors of the department, Professor Bouska of 
Chicago, Ill., was secured for the week and gave valuable assistance. The 
eight weeks’ course in butter making is too long and too elementary to 
properly provide for the busy creamery man of experience. It is there- 
fore planned to make this Conference and Six-day School a permanent 
annual feature. 

During the summer of 1915 the dairy barn was remodelled, and the 
stable underwent much needed rearrangement and repair. The large 
wooden silo which stood in the way of the extension of the stable was 
removed, and two vitrified tile block silos were constructed at the west 
end of the front portion of the barn. A new cement-block house for 
weighing, straining and cooling the milk is among the improvements. 

Early in January of the present year a full equipment of milking ma- 
chines was installed in the barn and the entire dairy herd has since been 
satisfactorily milked by the use of machinery. 

In the fall of 1914 the responsibility for purchasing the milk supplies 
for the Student Boarding Clubs, and of properly pasteurizing the same, 
was placed upon the Dairy department. A new milk route was estab- 
lished, and the former route reorganized and extended. During the past 
two years the production of milk along these routes has been increased, 
and we have for the first time had sufficient supplies of raw material to 
properly care for the laboratory exercises in the several courses in dairy 
manufactures, and provide the degree of elasticity so necessary in the 
milk supplies for the Boarding Clubs. 

Two new men were added to the department force at the beginning of 
the college year. Mr. J. E. Burnett assumed the care of the details per- 
taining to the verification of all Advanced Registration records. Mr. A. 
©. Lytle has been assisting Mr. F. T. Riddell in the field investigations 
regarding the cost of milk production. Since March 1, 1916, Mr. Lytle 
has been stationed at Webberville, and Mr. Riddell at Howell. 

Throughout the entire year in all that has been attempted we have 
been most faithfully and ably assisted by the entire corps of instructors, 
and credit to them our full measure of appreciation for service and loy- 
alty. The list of the instructors is: C. E. Newlander, H. . Dennison, 
F. T. Riddell, W. D. Meltzer, F. W. Small, Alison Ransford, J. E. Bur- 
nett and A. C. Lytle. 

For continued and deserving service Mr. Newlander and Mr. Denni- 
son have been raised to the rank of Assistant Professor. 

We are sorry to lose the faithful services of Mr. Small who has for the 
past two years had charge of the work in market milk. 

Respectfully submitted, 
A. C. ANDERSON, 
Professor of Dairy Husbandry. 
East Lansing, Michigan, June 30, 1916. 
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REPORT OF THE DEPARTMENT OF FARM CROPS. 


President F. S. Kedzie: 

Dear Sir—The following is a brief report of the Department of Farm 
Crops for the fiscal year ending June 30, 1916: 

The courses of study offered by this department and the number of 
students in each are given below: 


PS rai CMON a ats aie ee oe of File bk hae Seto eke Bap 291 
Marian rope sl spas oes ait. a es 2 a ale Senate ee 215 
AR ee ORG i UD 18 oe a esmue der ak fe'e ade. o ofa evel ia) ene ape oe. eye 53 
TRY Tired ad ON oo Owed em oe Do Pcle ts oo ga RRP ear  e es r 54 
| DE a Cee Gh eT Usp) andra Dee ae eR aroe Ao ean aia aceite 44 
Bari Crops LV 5; SUMMeT BesSlOI 2 ovis ste cco 2 re ee, ae! 6 
irs tiny Giky EwO-VGal COUESE cant neste ce te «ye ele n> clon we ao 
Second syeary LwO-year™ COUTSE, ©. bf sinea. cab ets tate sere 67 
Hirst year, EloNt-weekS COUTSE 2. .a%r es oo ae ete eo and 106 
Second year, eight-weeks course ........+0.+20-++ee- 16 
Cambie: PLUCIS: feo Foo trses oe ates fs, oe «ace Wiel ctatel a a bae = 2 

ZA) 4 (pearance coe Ber aOR RAM trae OEE har eood a 953 


Mr. Joseph F. Cox has had charge of the freshman and sophomore 
classes and the second-year class of the two-year course, and has assisted 
in Farm Crops III and IV. 

Mr. Frank A. Spragg has had charge of Farm Crops V, and I have had 
charge of Farm Crops III and IV, the first-year class of the eight-weeks’ 
course and one section of the first-year class of the two-year course. 


Mr. A. L. Bibbins, who was appointed as instructor in Farm Crops 
September 1, 1915, has had charge of the second-year class of the eight- 
weeks’ course and one section of the first year class of the two-year 
course and has assisted with several of the other courses. ; 

Mr. E. E. Cushman, Mr. M. R. Freeman, Mr. G. I. Hobbs, Mr. B. W. 
Householder, Mr. L. R. Luther, Mr. E. B. More and Mr. H. M. VanAken 
have acted as student laboratory assistants in the various courses offered 
by the department. 

I wish to express my apprecidtion of the hearty co-operation received 
from all of the members of the department, and also from the the student 
assistants, which has made it possible to efficiently handle the work. 

The instruction work of the department is now well systematized, 
printed laboratory sheets being provided which encourage individual 
study on the part of the student and help to give a comprehensive under- 
standing of the more important factors of crop production. The great- 
est need is more instructional plats, crop samples, exhibits, charts, and 
other illustrative material. Additional material of this character will 
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have to be provided largely by extending our plat experiments and by 
collections and exhibits prepared by members of the department. 
Respectfully submitted, 


V. M. SHOESMITH, 
Professor of Farm Crops. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DEPARTMENT OF SOILS. 


Pres, F. S. Kedzie, Michigan Agricultural College: 


Dear Sir—I take pleasure in furnishing you with the report of the 
Soils department for the fiscal year ending June 30th, 1916. 

It is indeed gratifying to be able to report that the various lines of 
work undertaken by the ‘members of the department are progressing sat- 
isfactorily. 

With respect to the various courses it is doubtless true that the work 
offered this past year was more logically presented, and of a higher 
grade, and that the discipline was better than formerly, due to addi- 
tional and efficient assistants, more equipment, and to a greater knowl- 
edge of the attitude and training of the students that we have dealt 
with. The introductory courses, especially, were much better dis- 
ciplined, owing to the important fact that the previous custom of deal- 
ing with students in large sections was abandoned, a number of smaller 
ones being substituted. We are forced to conclude that the plan adopted 
is essential for maximum efficiency in educational work. The senior 
electives should be made somewhat stronger during the next and follow- 
ing years as our knowledge of the soils of the State increases, and the 
students who come to us are somewhat more thoroughly grounded in the 
sciences. It is unquestionably true that we could present, in some in- 
stances, more advanced work if the men as a whole were better trained 
in chemistry and physics. In this connection it is exceedingly gratify- 
ing to us to learn that the enrollment in the courses that we haye sug- 
gested as electives has increased greatly. We are highly in favor of a 
thorough training of the students in the sciences spoken of above. 

During the year four graduate students were enrolled for major work 
in this department, two of whom received their degree of Master of 
Science. We are greatly in favor of graduate work—of a very high 
grade—being offered by the College. The presence of graduate students 
adds much dignity to any department, and certainly has a splendid effect 
upon the undergraduate students and members of the staff as well. 

We were able to reach a number of short course men during the win- 
ter and certainly consider this one of our best and most important edu- 
cational features. The work is always well received by these men. It is 
well to note that this phase is to be reorganized and made more efficient, 
although the quality in the past has been high. 

The enroilment in the various courses during the year is as follows: 


DEPARTMENT REPORTS. 55 


SIU Spo Poe ee Bathe ae SES A ae ORES © A AS he SR eee a 190 
lsh meets ie teat te eae: on en eR nt ian pais kote 4 194. 
UU A Oe an = Nr Sar one on Se are cee Drees. 
Spay ete ae ed ec eee css Sy hod ace ise 40) 
SOT iit: oy a ae AE pnt = gta Pe ey ee Oe ae a eee a 45 
SHOE “COUTSES sae en hao avian SG el Phe Moly 249 
REPT ACIDE CE, odo nee eae et aie RAO RD nen ho av ee a 4 


With respect to the extension activities in the past there is not a 
great deal to say, inasmuch as the department has not had funds for this 
purpose at its disposal. Probably it is well that such has been the case, 
inasmuch as all of our time and energy have been taken up by other mat- 
ters. We have considered that an efficient organization locally is of 
prime importance but following this more attention could well be given 
to outside activities. With the increase of the Smith-Lever funds and 
additional knowledge of the soils of the State, we are firmly convinced 
that the field work should be strongly supported. Never was there more 
discussion of the various soil management problems, such as the use of 
lime, green manures, fertilizers, etc., and, indeed, greater need for vigor- 
ous, educational campaigns along these lines than at present. We are 
forced to so conclude, when we note in the last year’s report of the State 
Leader of the Extension Division that the County Agents place various 
soil problems in the foreground and when we take cognizance of a large 
number of requests for such information by farmers. Indeed, the lack 
of definite information concerning these lines is almost unbelievable. 
Certainly this department of the College should be represented by highly 
trained men in the One Week Schools that are to become such effective 
means of dissemination of scientific knowledge of agriculture. These 
representatives should be provided with well outlined extension courses 
dealing with soils and fertilizers and, unquestionably, should be re- 
sponsible to the department that has charge of and is carrying on. fer- 
tility work in different parts of the State, being thus enabled to obtain 
first hand information with respect to the results obtained and their in- 
terpretation. 

The writer wishes to express his appreciation of your timely advice 
and suggestions, as well as of the loyalty and hearty cooperation of the 
various members of the department. 

Respectfully yours, 
M. M. McCOOL, 
Professor of Soils. 
East Lansing, Mich., June 30, 1916. 
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I 
REPORT OF DEPARTMENT OF ANIMAL HUSBANDRY. 


President IF’. 8S. Kedzie: 


Dear Sir—I have the honor to submit the following report of the De- 
partment of Animal Husbandry for the year ending June 30, 1916. 
Schedule of class work given by department staff during the year: 


Class. Subject. Section. Teacher. E lowe prude 

Rreshman.-744'3% 4. 42 Actes ee Animal Husbandry_1......... 1-3 see tase 6 73 
Freshman. sri srecqe rane ets erate ae Animal Husbandry 1........ 4-6 | ae ene i 6 75 
Breshiian... 542 ye acs: ree eee Animal Husbandry 1......... 7-9 hy Sed ook mee 6 54 
sresionign: Pee in eihe srs ee esas ees es) ATO ubtshandnvalc ses eo LO—ie se See 6 63 
VUIOE! sie ly atiet Sete ae Animal Husbandry os. een |e Prof. Brown. ... 6 117 
pas 5 e , * Sie uate : 2 Animal erusbandryiose sen see al mene | Mr. Clark ie 15 ee pis) 

Two year Short Course (1st term 2nc : ST eas Mr. Edwards... . 
year 16 weeks)........ z ae ada: Sid yAObUliy mesa tem nee le eer Nir; Clack ee 10 106 
ected ee pit hs ris Stock Wedding Ys.2ds8. cosine otter | Prof. Brown... 5 114 
a Le es BP ae A I 8 Ul oe hee - = 

WINTER TERM. 
JUMOL eee ec ta eke cris Animal Husbandry 4.........]........ Prof. Brown.... 5 95 
Senior vraee Ser oe cata tia cosas te | Animal Husbandry 6.........]........ Prof. Brown. ... 6 21 
Henlonsacts cere ene eee | AnimalMusbandry6.:5 s+ lassen ..| Prof. Brown.... 6 18 
Two year Short Course (16 weeks). . . | Sind yaOtbreedse sec a. ere an eae { a Rewards sf } 10 96 
Two Yr. Short Course (2d Yr. 16 Wks)| Stock Judging...............|........ Mr. Clark... .... 6 48 
Two Yr. Short Course (2d Yr.8 Wks.)..| Stock Judging...............].......- Mr. Edwards. . . 6 52 
Two Yr. Short Course (1st Yr. 8 Wks.)| Types and Breeds...........|........ Mr. Edwards... . 6 101 
Two Yr. Short Course (1st Yr. 8 Wks.); Animal Feeding.............|........ Mr. Clark: .. ... 5 65 
Two Yr. Short Course (1st Yr. 8 Wks.)| Animal Feeding.............].......- Mr. Edwards. . . 5 44 
] 


The addition of Mr. W. N. Clark, a graduate of the University of Wis- 
consin, to the staff, September 1st, 1915, made possible a division of a 
few of the larger sections and resulted in more efficient instruction. 
Maximum efficiency however, cannot be attained until the staff has been 
increased to a point where sections can be reduced to 30 students each. 
While ample in size when built, the judging pavilion is now taxed to its 
utmost capacity. A much larger pavilion with a greater number of com- 
partments will be a necessity in the near future. 

Aside from their teaching duties which are very heavy during the fall 
and winter terms, the members of the staff devote a considerable portion 
of their time to the management of the herds and flocks. . 

Mr. W. E. J. Edwards has been in direct charge of the swine. At 
present he has under way two experiments, both of which require close 
personal attention. One has for its object the determination of the 
most efficient method of utilizing alfalfa fields for pasture without ma- 
terially injuring the stand of alfalfa. A second experiment is being car- 
ried on to determine the advisability of the self-feeder for growing pigs. 

Mr. Clark assists the writer in the management of the sheep and beef: 
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cattle. During the past winter 24 steers were on experimental rations 
to determine the value of cull beans as a protein supplement to corn 
and corn silage. 

With the sheep flock an effort is being made to determine the most 
economical winter ration for breeding ewes; while during the grazing 
months the ewes and their lambs are being pastured entirely on sowed 
crops to determine the economy of sowed crops, the acreage required to 
graze a given number of sheep and the efficiency of the above method of 
pasturing as a means of avoiding infestation with internal parasites. 

The cattle herds have been increased during the last year by the pur- 
chase of an Aberdeen Angus sire from the Woodcote Stock Farm, Ionia; 
a Hereford sire from Mr. J. H. Bereman, Aurora, Illinois; and a Short- 
horn sire from Mr. A. KE. Stevenson, Port Huron. 

Every possible effort is being made to bring the indiyidual members of 
the herds and flocks up to a high standard of individual excellence. In 
the past we have been somewhat handicapped from not having funds to 
purchase as high-class sires as seemed desirable. Nevertheless, some 
progress has been made but if it is to be continued a higher class of sires 
must be purchased in the future. This will necessitate the expenditure 
of considerable more money than has been the case in the past. 

Respectfully submitted, 
GEO. A. BROWN, 
Associate Professor of Animal Husbandry. 
Kast Lansing, Mich., June 30, 1916. 


REPORT OF DEPARTMENT OF POULTRY HUSBANDRY. 


President F. S. Kedzie: 


Dear Sir—I have the honor to present the following report for the De- 
partment of Poultry Husbandry for the fiscal year ending June 30, 1916. 
Our buildings have been placed in good repair. Our stock is in healthy 
condition. Our grounds have been increased from 2.45 acres to 10.65 
acres. 
BUILDINGS. 


We are occupying fourteen buildings made up as follows: two large 
laying houses, three colony laying houses, seven colony houses for grow- 
ing chicks, one incubator house and one feed house. 


EQUIPMENT. 


The department has operated six incubators,—three 150- egg size, two 
200-egg size, and one 1,200-egg size. Instructions have been | given stud- 
ents upon the running of lamp, electric and coal heating systems as ap- 
plied to incubation. Ample facilities have been provided for brooding 
3,000 chicks. 

Our present stock consists of the following breeds,—Barred Rocks, 
Buff Rocks, Partridge Rocks, White Rocks, White Leghorns, Brown Leg- 
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horns, Buff Leghorns, Black Minorcas, White Wyandottes, Rhode Island 
Reds, Silver Spangled Hamburgs, Light Brahmas, Black Langshans, 
Cornish Indian Games, Black Hamburgs, English Pit Games, Buff Wy- 
andottes and Buff Orpingtons. Large flocks of fowls most popular with 
farmers are maintained, the others are simply for demonstration and in- 
vestigation purposes for students. Besides the above we have a small 
flock of ducks and turkeys. 
Table showing the kind of fowls and age. 


lg <1 6 Mcrae Mae Sag Ie ee BT Sasa ee Shh ct ariel, kale het a aha 5 a eee 780 
Cockbinds {0 crn cacuee Suan een ete aM 42 
Young stock -(-mo. oli) essen nee cre ae 149 
Young stock -(2-mos-70ld ys...) cae eee 1234 
Young stoek «(40 mo Olds oe pois. ase dois ee 616 
Young ‘stock “(#5 <da-sold) s. a eeienie exe ote Reais 2 |) 
Turkeys 7 (Ol) Sisvticeys Soaetes ace es cee oe eee 3 
Turkeys.\(MOUNG C2 5 outs 5 es etc oie cite Rake wee 15 
Ducks "(olde ae se ee by re OEE TE he es 3 
Ducks: AVyOun es tererss 15 fie tal soos ee eee cee ee oe 4 
Rataly aga wis shoe Spike savas dame Wie ot tro a ae ce ee 3061 


The instruction work during the year has been as follows: 

Summer Term:—Six men and two women enrolled. Lectures were 
given daily for the six weeks. During the term, fifteen visitors were pres- 
ent with the class. 

Fall Term—Nine men enrolled in Poultry Husbandry 2. The stud- 
ents were required to build a colony house best suited for the farmer or 
the back door yard in the city. Special work was given in fattening, 
killing and marketing. The results tabulated by students showed an 
average profit of 31% on the money invested. The work was made as 
practical as possible. 

Winter Term—Thirteen men enrolled. Practical work was given in 
poultry feeding and judging, not only for the fancy but for utility pur- 
poses as well. 

A short course, covering eight weeks, was given to a class of five men 
and four women. Lectures were given daily. Work with incubators and 
brooders was required of each student. 

Spring Term—FEleven men enrolled for Poultry Husbandry 4. The 
class was divided into five sections and each section was given a poultry 
project along investigational lines with the idea of teaching them how to 
conduct a poultry experiment. 

One hundred fourteen men and one woman enrolled for Poultry Hus- 
bandry 1. Lectures were given twice each week along practical lines. 


THE WORK. 


Fruit was grown in the different runs. Corn and cabbage were grown 
upon the grounds that had been occupied by the fowls. This was done 
to sweeten the soil and take from it such infection as plant life can coun- 
teract if given a chance. 

An experiment with electric lighting of the laying house was con- 
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ducted through the months of November, December, January, February 
and March. The experiment was not carried on for the purpose of in- 
creasing egg yield but to increase the vigor of the flock. As a result of 
the experiment higher fertility, greater hatchibility and we believe, an 
increased livibility has been obtained. 

Many projects have been started for next year, including some involv- 
ing the principles of breeding, feeding and general environment of fowls. 


RESULTS. 


During the year the flock of fowls has been increased from 140 head 
-to 3,061 head. 

Trap nest records have been kept from every hen on the plant. 

The work of pedigreeing the chicks from two hundred sixty-five hens 
has been begun. 

More than forty dollars worth of plums were harvested, eighty-seven 
bushels of corn were husked and over 2,000 heads of cabbage were placed 
in the cellar for feed during the year. 

Six thousand six hundred eggs for hatching purposes have been dis- 
tributed to breeders and farmers throughout the State. An open front 
laying house for 100 hens is under construction by summer school stud- 
ents. 

A bulletin designed for use in poultry club work has been issued. Bul- 
letins on poultry house construction, incubation and breeding are in 
preparation. 

Respectfully submitted, 
C. H. BURGESS, 
Associate Professor of Poultry Husbandry. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DEPARTMENT OF FARM MECHANICS. 


President F. 8. Kedzie: 


Dear Sir—I have the honor at this time to submit the ae of the 
Department of Farm Mechanics for the year 1915-1916. 

I desire to express my appreciation of the helpful services and ¢o- 
operation of other members of this department. 

Mr. A. Watt, instructor in blacksmithing, has had an _ increasing 
amount of repair work and horseshoeing in addition to his regular 
classes. He should be relieved of part of this work. 

Mr. C. N. Rix, instructor in woodworking for agricultural students, 
has made great efforts to emphasize practical instruction and his work 
has been appreciated by the students. 

Mr. O. E. Robey has completed the first full year of Extension Work 
in Household Engineering. He is submitting for publication results of 
his experience which, I trust, will be of value. 

Mr. Samuel Toms has had charge of the equipment in the cement and 
machinery laboratories, and, in addition to keeping this equipment in 
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order for class work, he has been called upon to assist in many other 
ways. 

I am also indebted to Mr. Wilson Duncan, Mr. D. P. Flower, Mr. R. 
G. Bigelow and Mr. H. J. Gallagher, who assisted in the instructional 
work in the short courses. 


EXTENSION. 


The work of the extension representative, Mr. O. E. Robey has been 
confined largely to the project of water supply and sewage disposal. 

I attended two one-week schools and five institutes where the gas en- 
gine and tractor, concrete construction, farm buildings, and water sup- 
ply and sewage disposal were discussed. We have had ealls for assist- 
ance in farm drainage. I would recommend that this subject be given 
more attention throughout the State. Many blue print, floor and fram- 
ing plans of farm buildings have been sent out to meet individual needs. 


INVESTIGATION. 


Some investigational work has been done this year. Three experi- 
mental septic tanks which are giving us valuable information have been 
constructed near the College. Some experimental work has been done on 
securing a low cost automatic siphon for the septic tank. A study has 
been made of marl handling machinery, interest in this being stimulated 
by the increased use of marl and the desirability of securing excavating 
machinery which can be operated economically by a small group of farm- 
ers. The farm tractor has been much discussed in the last year and ef- 
forts are being made to secure records and cost data on machines now in 
use. Experiments have also been made with windmill electric lighting, 
which promise interesting results. 


INSTRUCTIONAL. 


Following is a summary of the total number of students receiving in- 
struction in the various subjects: Woodwork, 420; Forge Work, 414; 
Power Machinery, 77; Farm Machinery, 47; Farm Structure, 68; Farm 
Conveniences, 23. In addition were the short courses with 87 in Farm 
Engineering, 50 in Building Designing, 39 in Creamery Mechanies, and 
24 in the class in Gas Engines and Spraying Machinery for horticultural 
students. A course in Farm Conveniences was given for the first time. 
While meager laboratory equipment was provided for this course it was 
found practical and promises much as it can be developed. 

Respectfully submitted, 
H. H. MUSSELMAN, 
Associate Professor of Farm Mechanics. 
East Lansing, Mich., June 30, 1916. 
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REPORT OF THE DEPARTMENT OF FORESTRY. 


The President, Michigan Agricultural College: 

Sir—I have the honor to submit the following report for the Depart- 
ment of Forestry for the year ending June 30, 1916. 

The work of instruction has been carried on during the year as de- 
scribed in the College catalog, and also two short courses in forestry 
were given in the winter term covering four and two weeks respectively. 
The course in Farm Forestry, given to the freshmen, calls for three lect- 
ure or recitation periods a week. In the past, one of these periods has 
been devoted to outdoor laboratory work. Owing to the size of the class 
and to the fact that one hour is not sufficient for laboratory work, the 
out door work was given up this year and the course confined to lectures 
and recitations. This increased the efficiency of the instruction and has 
resulted in a better course. The minor changes made in a few of the 
other courses have also worked out satisfactorily. 

Hight students went on the lumbering trip during the Christmas vaca- 
tion to Davis, West Virginia, where the Babcock Lumber and Boom Com- 
pany gave them every assistance in examining their operations and 
plant. This trip was not required and was made at the request of the 
students themselves. The Summer School was again held on the lands 
of the Cummer-Diggins Company at Dayhuff Lake, near Cadillac, where 
the company has kindly given us the use of a good set of buildings. The 
students take a great deal of interest in this summer school work and it 
is a valuable part of the course. The Forestry Club has been active, the 
meetings were well attended, and many good speakers were obtained dur- 
ing the year. 

Kleven men received the degree of B. S. in Forestry at Commence- 
ment. Graduates of the department are obtaining positions in increas- 
ing numbers with lumber companies and timber preservation concerns. 
Such employment of men trained in forestry promises that in the fu- 
ture the timber resources of the country will be conserved as they have 
not been in the past. 


The maple syrup plant which was established last year was again 
operated successfully. Two hundred additional trees were tapped this 
year, bringing the number of buckets hung up to six hundred. Experi- 
mental work is being carried on with a view to determining the effect on 
yield of sap and on the trees, of hanging from two to five buckets on a 
tree, and an accurate record of costs of production is being kept. 

Experimental planting on the jack pine plains, adjacent to the Col- 
lege lands in Iosco and Alcona counties, has been started in order to 
determine whether rapidly growing trees suitable for pulpwood, such as 
poplars and aspen, cannot be raised there. If practicable, such trees 
could be harvested for this purpose at a much younger age than would 
be required for saw logs and their production would furnish a profitable 
use for such lands. Carolina poplar cuttings have been furnished both 
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to the State and to the Federal Forest Service to be planted experiment- 
ally on the State and National Forests on the jack pine plains. Next 
year I hope to try other poplars for the same purpose. 

The forest nursery has been operated successfully, planting stock 
amounting to 120,000 trees having been sold during the year. This is 
less than last year owing to the fact that but little seed was put in four 
and five years ago, resulting in a shortage of stock this vear. We have a 
large supply of trees which will reach salable size next year. 

In accordance with the authorization given by the State Board of Ag- 
riculture, the department offered to give trees, sugar maple and white 
ash from 3 to 4 feet high, to the schools in the State for Arbor Day plant- 
ing. One hundred and eighty-five schools took advantage of this offer 
and a great deal of interest was aroused in the movement for more beau- 
tiful school grounds. 


Experimental work with basket willows has progressed satisfactorily. 
Under a cooperative agreement the department furnished cuttings for 
one-half acre at Spring Lake, the owner of the land to plant and manage 
the holt in accordance with the recommendations of the department, 
furnishing us with cost data. The proposed experimental holts at Ionia 
and Grand Rapids could not be established this year owing to the flooded 
condition of the land, but the experimental holt at the College was in- 
creased in size by about one acre. The department will be in a posi- 
tion next year to furnish cuttings for planting on a large scale. 


The sand dune reclamation work has also progressed satisfactorily, a 
number of owners’ having been visited and much planting having been 
done under the advice of the department. It is estimated that there are 
410,000 acres of sand dunes in the State, many of which are gradually 
shifting and nearly all of which can be made valuable by establishing 
forest growth. The department has evolved an_ effective and cheap 
method of permanently fixing these dunes, and this plan is now being 
followed in several places. 


The department has also furnished assistance to towns and cities in 
the care and repair of their shade trees. Public demonstrations of tree 
repair have been given with a view to showing how such work should be 
done. Municipal, or city forests, are also being developed as far as 
practicable, the aim being to encourage towns to secure and reforest 
waste or cut-over lands for park purposes from which a revenue can be 
derived in the future by the occasional sale of timber. This work should 
be pushed more vigorously. Other states have taken it up with success 
and the time is now ripe for it in Michigan. 

The department has started a current file of prices paid for saw logs, 
stumpage and rough lumber in different parts of the State which has 
been found useful in assisting farmers to dispose of the products of their 
woodlots. Demonstrations and advice on the care and management of 
woodlots have been given. The number of requests for assistance in 
planting and woodlot work is quite large. 

Owing to the resignation of Mr. C. A. Tyler, Extension Representative 
in Forestry, in the winter term, all of the field work in forestry was 
thrown on the members of the department. Professor Sanford spent a 
considerable portion of the spring term in the field and a large amount 
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of extension work has been attended to. Such work should be pushed 
vigorously. 
Respectfully submitted, 
A, K. CHITTENDEN, 


Professor of Forestry. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DEPARTMENT OF AGRICULTURAL EDUCA- 
TION. 


To the President: 


Sir—I herewith submit a brief report of the work of the Department 
of Agricultural Education during the year ending June 30, 1916. 

1. Teaching. I have taught the courses in Pedagogics for both men 
and women. The courses given to the women are known as Pedagogy ‘I, 
II and III, or Psychology, School Administration, and History of Kdu- 
eation. There has been one section of the women, consisting of about 60 
students. The courses given to the men are known as Pedagogy IV, V 
and VI, or Psychology, School Management and Administration, and 
Agricultural Pedagogy—or the Methods of Organizing Courses in Agri- 
culture for Secondary Schools, including instruction, laboratory and 
field exercise, and extension service. I have had two sections of the men, 
about 40 in one section, and 70 in the other. This makes 15 hours of 
teaching. 

As a part of these courses in Pedagogics we require the actual obser- 
vation of the work done in the public schools. Our young women have 
inspected the work of the city schools of Lansing, and the work in 
Domestic Science and Art in various schools of the State where these 
subjects are taught. The men have made their observation visits to high 
schools where agriculture is taught. The students are required to ob- 
serve the methods, school organization and administration, laborator- 
ies, laboratory equipment, and the organization of field work, and are re- 
quired to make specific written reports upon their observations. 

2. High Schools. During the year four year courses in Agriculture 
have been given, in whole or in part, in 48 high schools. The instructors, 
for the most part, are graduates of this institution. The work in agri- 
culture as planned for the high school is organized as follows: 


First year—Agricultural Botany. 

Second year—Farm Crops and Horticulture. 

Third year—Animal Husbandry. 

Fourth year—Soils and Farm Management, which includes Farm 


Mechanics, Farm Machinery, and Farm Account- 
ing. 


The course in agriculture thus requires 25% of the high school stu- 
dent’s time. About 2500 young men and women have been pursuing these 
agricultural courses during the year. 
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A number of other high schools in the State are giving some instruc- 
tion along agricultural lines but they do not employ special teachers and 
do not have well organized courses of study. 

I have visited and organized courses of Agriculture for the ensuing 
year in the high schools at the following places: Ypsilanti, Elk Rapids, 
St. Joseph, Owosso, Three Rivers, Durand, Howell, Colon, Munising,- 
Scottville, Lawton and Belding. Thus 12 new schools have been added 
to our list and before the schools open in September I think several 
others will introduce the agricultural work. 

One high school will discontinue the teaching of agriculture, and two 
others, where they have been employing college graduates, have employed 
normal school graduates to take charge of their agricultural work. 

The University of Michigan accepts the high school work in agricul- 
ture for entrance credit under certain conditions, and the University au- 
thorities have appointed me to make proper reports to them upon the 
character of the agricultural work. The University recognition being 
based upon my recommendation. 

In order that we may work intelligently on this basis I have arranged 
aminimum standard of requirements for instruction and equipment as a 
basis for recognition which may be given by the University and by the 
Agricultural College. This standard of efficiency will, of course, be ad- 
justable. 

The instruction in agriculture given in our high schools is accom- 
panied by proper laboratory work and field and farm demonstrations in 
order that the high school student, while securing the theory of the best 
agricultural practice, may have an opportunity to demonstrate what he 
can do. This field work offers a very large opportunity of practical 
value. We are applying the general term ‘Home Projects” to this class 
of instruction. The annual reports of the teacher of agriculture show 
that a large percentage of the boys actually take up and work out these 
home projects during the summer season, and for this work school credit 
is given. 

In my judgment, the instruction in agriculture given in the public 
high school constitutes a large and important feature of our general ex- 
tension work, because if we are to have farmers in the next generation, 
we must secure their interest during the adolescent period of life. 

3. Hatension Service. 1 have conducted four Teachers’ Institutes 
during the year, and have given a number of addresses before Granges, 
Farmers’ Clubs, and Farmers’ Meetings. I have also given considerable 
attention to the rural schools through cooperation with the County 
Normal Training Classes and with the “County Commissioner of Schools. 

4, Publications. During the year we have published two pamphlets 
—first, Bulletin No. 14, which is a Teacher’s Hand Book of Agricultural 
Instruction in Secondary Schools. Bulletin No. 15° is a printed report 
concerning the work in agriculture in our high schools. This bulletin 
has been distributed to all the high schools in the State, and we have 
had a very large call for both bulletins from other states. 

5. Teachers. The number of students electing the courses in Ped- 
agogics and thus preparing themselves to receive the State Teacher’s 
License has brought this institution into prominence in connection with 
the public schools. 
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We have organized a regular system of registration of teachers and 
use our best efforts to assist the young people in securing positions, 
both in the State and outside of the State. This work occupies a large 
amount of time and almost endless correspondence. We have assisted 
im securing positions for 28 young women, most of them will teach Do- 
mestic Science and Domestic Art. We have also located 24 young men; 
22 of these will teach Agriculture, and two of them Manual Training. 
The young women receive salaries ranging from $600 to $800, and the 
young men receive salaries ranging from $700 to $1,000. 

Thus far we have been able to supply all of the schools with trained 
men for the Agricultural courses, and we are supplying about 50% of 
the schools which teach Domestic Science. At the present time there 
is a surplus of teachers for both subjects. It is evident that the claim 
which has been frequently made, that the states are unable to supply 
properly trained teachers for these special subjects, can no longer be 
maintained in Michigan. 

6. The State Society for the Promotion of Agricultural Education. 
This society was organized in 1909 and consists of the Teachers of Agri- 
culture, Superintendents of Schools, County Commissioners, and others 
who are especially interested in the extension of Agricultural Educa- 
tion. This society meets annually at the Agricultural College. The last 
meeting was held on April 21st and 22nd. 

In addition to discussing the means and methods of Agricultural Ed- 
ucation, the question of an organization of the Teachers of Agriculture 
to cooperate with the Fruit Associations of Western Michigan in the 
marketing of small fruits was presented by Mr. Nash of Muskegon, and 
a committee was appointed to work up plans for this new venture. -The 
committee consists of Mr. Nash of Muskegon, Mr. MacVittie of Bay 
City, and Mr. Servis of Monroe. 

Prof. A. W. Nolan of the College of Agriculture of Illinois gave a fine 
address on Agricultural Education. 

The following officers were elected for the ensuing year— 


President—K. K. Vining. 
Vice-President—F. J. Gibbs. 
Secretary—T. H. Caldwell. 


At the last annual meeting it was voted that we should request the 
authorities of the State Teachers’ Association to permit the organization 
of an Agricultural Section of that body. This permission was given by 
the Executive Committee of the State Association, and at this meeting 
L. R. Servis of Monroe was elected Chairman of the Section, and E. J. 
Smith of Blissfield, Secretary. 

The association discussed carefully the question of the proper field of 
work for the Teacher of Agriculture during the summer vacation, and 
decided that in order to secure the best results the Teacher of Agricul- 
ture should be employed for the entire year. 

7. The Extension Reading Course. This has been the eighth year of 
the work of this course. We have enrolled in that time about 600 farm- 
ers and farmers’ wives. The new enrollment for the current year has 
been small because it has been impossible for us to give very much per- 
sonal attention to it. I feel that this is an important phase of extension 
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service and am very glad that it has been transferred from the Depart- 
ment of Education to the Department of Extension. 

8. Visitation and Supervision of Schools. The work of introducing 
agriculture into the public schools of the State was assumed by the 
Agricultural College, and made the chief work of the Department of 
Agricultural Education. This implied the development of proper courses 
of study, consultation with Superintendents of Schools and Boards of 
Education, visitation of the schools after they were organized, and the 
making of suitable suggestions concerning increasing the efficiency of 
the work. All of this is a voluntary service for the public schools on our 
part as we have no legal supervisory authority. 

I am pleased to report that in all cases we have been met courteously 
and cordially by those in charge of the public schools, and so far as I 
can observe our suggestions have been welcomed. 

In assuming such a responsibility we become responsible for keeping 
the standard of agricultural teaching on at least as high a plane as that 
already maintained by years of development in other subjects. I have 
taken charge, personally, of the work connected with introducing the 
courses and advising Boards of Education with regard to the employ- 
ment of teachers, and J have visited and observed the work of as many 
schools as possible in connection with the regular work of teaching, 
which I am required to do in the College. My assistant, Mr. Grover, 
has had charge of the larger part of the visitation and observation work, 
and he has become a very efficient man. We have had 48 schools directly 
under our supervision during the past year, and for the coming year 
there will be about 60. 

I am pleased to report that in all cases the work has been satisfactorily 
performed. Some of our instructors have become so valuable that they 
have been taken from us and employed as County Agents, or have been 
called as instructors in higher institutions of learning. I think we may. 
have considerable pride in our graduates who are maintaining such a 
fine standard of work and instruction. 

9. Assistant in Agricultural Education. Mr. EK. Lynn Grover, who 
has been the Assistant in Agricultural Education for the past year, has 
been untiring in his efforts to supervise and improve the school work. 
In addition to this he has been used by the Extension department as an 
instructor in Farmers’ Schools for several weeks, and he has been called 
‘upon to give addresses before farmers’ and teachers’ organizations in 
many parts of the State. I submit the following brief summary of his 
labors, showing the range of his work and also the distance it has been 
necessary to travel in accomplishing these results— 


Miles travelled to inspect School Gardens.......... 650 
Miles travelled to act as judge at School Fairs.... 400 
Miles travelled to talk on Agricultural Education.. 600 
Miles travelled to visit and inspect High Schools... 9,825 


Total “milease esses «sue wsie si ee ee olen 11,475 


Mr. Grover is an efficient speaker and has been particularly success- 
ful in his work in the One and Two-Week Schools for farmers. 
In concluding this report I may say, as to the number of high schools 
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having agricultural courses, Michigan compares favorably with other 
states. Many of the states now offer a special subsidy to schools intro- 
ducing industrial courses. This gives them a slight advantage as to the 
‘number of schools, but notwithstanding this we have been able to main- 
tain a high percentage. Public sentiment seems to be developing in 
favor of Industrial Education and, particularly, Agricultural Educa- 
tion. This means that the support of the people will more and more be 
shown in the direction of an intelligent rural population. 
Respectfully submitted, 
WALTER H. FRENCH, 
Professor of Agricultural Education. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DIVISION OF EXTENSION WORK. 


President F. S. Kedzie, Michigan Agricultural College: 


Dear Sir—The extension service of the College for the year ending 
June 30, 1916, has been carried on under sixteen projects as follows: 


1. Administration. 

2. County Agricultural Agents. 

3. Home Economics. 

4. Extension Schools. 

5. Junior Extension Work or Boys’ and Girls’ Clubs. 
6. Farm Crops. 

7. Live Stock. 

8. Horticulture. 

_ 9. Potatoes and Vegetables. 

10. Upper Peninsula Work. 

11. Farm Management Demonstrations. 
12. Control of Insect Pests. 
13. Household Engineering. 
14. Forestry. 

15. Markets. 

16. Farmers’ Institutes. 


Projects Nos. 1 to 13 inclusive, of this list, were approved by the Sec- 
retary of Agriculture and carried on under the Smith-Lever Act. 

Projects Nos. 14, 15 and 16 were conducted under College funds. Each 
of these projects is a definitely planned piece of work in charge of a 
specialist or leader. The reports for the various projects as submitted 
by the leaders follow this report. 

Publications. The printing and distribution of extention bulletins on 
agriculture and home economics are provided for in the Smith-Lever 
Act, five per cent of the funds being available for this purpose. This 
Act also grants the Extension Director the free use of the mails for ex- 
tension publications. 

During the year a series of extension bulletins was established and 
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five numbers issued. These bulletins will be distributed to the regular 
mailing list, through county agents, at extension schools and meetings, 
and through teachers in the public and high schools. 

An additional series of bulletins for the Junior Extension Work has 
been established for the purpose of sending follow-up instructors to the 
members of the Boys’ and Girls’ Clubs. 

The following table gives a complete list of extension publications for 
the fiscal year: 


EXTENSION BULLETINS. 


Title. Pages. | Edition. Author. 


No. 1, Inoculation with Nodule-forming Bacteria..................20ccceeeeuuee 4 10,000 | Ward Giltner. 
No. 2s The Baboook: Lestsiic ota 358 tee aec ens ee ees ieee pan oe 12 40,000 | C. E. Newlander. 
No. 3, Some Seed Potato Questions Answered........0.......02c ccc ccceceeceees 4 40,000 | C. W. Waid. 
No;/4; The: Home) Vegetable 'Garden22). 085. sacs teen eee once See eee 36 20,000 | C. W. Waid. 

No. 5, Standardization and Group Classification of Potato Varieties for Michigan... 16 20,000 | C. W. Waid. 


CLUB BULLETINS. 


Nox4, (‘Organization of(Clubari. cnc. cet erin iain ee See ee 24 10,000 | E. C. Lindemann. 
No: 4; Supplement:to Club Bulletin Nov4:5 22.222 sacs nee ee eee ee 8 10,000 | E. C. Lindemann. 
Nonbabork Prodtietion 2. nse. selrsr sake on ae ee oh eae SoS eee Rie ee 16 10,000 | G. A. Brown 

No. 6, A Small Poultry House and Hints on Poultry Raising..................-.. 16 10,000 | C. H. Burgess 
Noait7ZA Corn Growitg 2c on. seep eo eee ee he ee eee 16 10,000 | V. M. Shoesmit 
No} 6; Hints on tome Gardening y.s--e.cc hash nct ie ein re oem ee One 8 10,000 | C. W. Waid. 
No.9; Garment-making for Girkscc..02. esc oe ers ces ee hehe eeCn eee 56 20,000 { Feulins Hewes 


The following resignations and appointments took place during the 
year :— 


Resignations. 


H. E. Larson, Extension Specialist in Farm Crops—Dee. 1, 1915. 
O. K. White, Extension Specialist in Horticulture—Dee. 31, 1915. 
C. A. Tyler, Extension Specialist in Forestry—Mar. 1, 1916. 

C. B. Cook, County Agent, Allegan—Mar. 1, 1916. 

J. W. Chapin, County Agent, Branch—May 15, 1916. 


Appointments. 


I. K. Maystead, Extension Specialist in Farm Crops—July 1, 1915. — 

D. B. Whelan, Extension Specialist in Insect Pests—July 1, 1915. 

Anna B. Cowles, Extension Specialist in Home Economics—Sept. 1, 
1915. 

Margaret Justin, Extension Specialist in Home Economics—Sept. 1, 
1915. 

J. N. McBride, State Market Director—Nov. 1, 1915. 

J. H. Carmody, Extension Specialist in Horticulture—Feb. 24, 1916. 

C. B. Cook, Asst. to State Leader of County Agents—Mar. 1, 1916. 

R. H. Elsworth, Asst. to State Market Director—May 1, 1916. — 

C. A. Spaulding, Asst. to State Agent, Boys’ and Girls’ Clubs—July 
11916. 

J. A. Petrie, Extension Specialist in Horticulture—July 1, 1916. 


DEPARTMENT REPORTS. 69 


County Agents. 
L. R. Walker, Marquette—July 1, 1915. 
On Vii Ballard, Dickinson—July 15, 1915. F 
C. L. Coffeen, Lenawee—August 23, AOS: 
R. G. Carr, Ontonagon—November 29, 1915. 
C. H. Knopf, Cheboygan—December 1, 1915. 
D. L. Hagerman, Ottawa—January 1, 1916. 
R. V. Tanner, Mason—February 16, 1916. 
R. L. Olds, Muskegon—March 1, 1916. 
T. A. Farrand, Van Buren—March 1, 1916. 
David Woodman, Alpena—March 20, 1916. 
Alfred Bentall, Allegan—April 18, 1916. 
H. J. Lurkins, Berrien—May 1, 1916. 
©. L. Nash, Branch—July 1, 1916. 
E. G. Amos, Schoolcraft—July 1, 1916. 
E. B. Hill, Menominee—July 1, 1916. 
Frank Sandh July 1, 1916. 
STATISTICAL SUMMARY. 
e : A fe 2 i 2 
| No. meet- 
Projet apa seer 
strations. 
PA carcnaniterra HOTU & Mins SOARS oe ee cave eke Bae Rie AS ig De Ein os wl evventnaen ie Le esate oes 
County Agents (See Statistical Summary, County Agents’ Report.) 
PIMC RE COMMIS ES ORE, se Pats tic ate ee Petes oon tae he Da OI eee ce de Ree vere deaadeneeeeees 45 4,097 
Canning demonstrations................ Ut Presaeoee 
Home Economics and Agricultural schools... 72 4,612 
Bayne ane crmis 2 Cl bah ey sy esas Pcs aeaee elds ook ro deteee ; 131 10,429 
ar rap An (OLE LAXMI VISILEO) § 5 -o vec aie ttm ae ones oe ee aiars oe eoahe sinnaa ee old Seione waa deus 97 4,111 
Live Stock (4 mos.)................. Fe eS See eC ORE RA? DAMEN AE Sec ct CIARIn® 22 800 
tar Eueitetareen (L) 7 Aras VARIN) macy eyo aie, ate dpe <b cE enllok Mikel tales oeidslaw aes 68 1,085 
Potatoes: and -verctables (254 farms visited). i: Sot cn taro vcnsmeans sea bsaaee venie nes ove oe ceetienee 64 3,326 
Pip per reniintl La se...) Shee ime ae neta) Roi pnt RN hoes Meera ya RC Oh ye ee Se Me 5 138 10,879 
PT ESTRICEEA LOE LEAN MMC Come (te Set kom cee eat, SOIR Re Ong pp RL Pe eye ent oe ty, aaa eraey 75 8,640 
Farm Management Demonstrations: 
MeL TINIIS AE COUT OOK ae Sere, Lok faeces ala dns tan cle ames eta aeela ion Ieee Demo A eames oN Sc esas Hie, 4 = 943 
ECON LLAKEH ot PNY MOE tee We lee ner aBRy te Sthbi ae Rea AE eta Se hee Mahe Oeics [eae aati 422 
Control of Insect Pests...... 721 
Household Engineering. . 1,552 
Forestry (38 farms visited) .. 1,475 


Individual farms visited by specialists. . 

Lectures by others than Extension Pema EY eee Oye © eae Py eek orem a CeIn gt ie 37 | 10,221 
LAVCGTETS, CU ETT CE SENAY EZ gs Oe eS ERE ai as te ie eB eee Ra yi A ee cnmigabil,3)) “oan ae 2 
ArRIGI TANSISMIIFCR ooo Lak Rt oe aS een Aaa ee OES Rs eR a eee sr eS eee 179,210 


During the year it has continued to be the policy of the Extension Di- 
vision to emphasize the demonstration features of the work. In a large 
measure the field demonstrations are conducted by the farmers them- 
selves under supervision from the College, and results show that this is 
the most efficient means of securing the adoption of better methods into 
actual practice on the farm. 

As far as possible the work done during the winter is followed up dur- 
ing the growing season with these field demonstrations, and periodically 
field meetings are called to bring the attention of others in the commun- 
ity to whatever is worthy of observation. Such observation trips often 
embrace a large number of places and people and take the form of ex- 
cursions to see field plats of pedigreed grains, legumes or fertilizers ; 
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herds of special excellence; methods of controlling diseases and insects; 
equipment for household water supply and sewage disposal; drainage 
systems; farm buildings, and many other farm methods and equipment. 

In all the service offered it is the aim to help both organizations and 
individuals to do things for themselves rather than to do things for them. 
Wherever work is done with individuals on special problems those prob- 
lems are handled in the way that will be of benefit to the community as 
well as educational to the individual. 

In all such matters as sale of products, purchase of supplies, control of 
disease, surveying drains, farm construction, ete., it is the function of 
extension workers to teach farmers how, and develop in them business 
ability through experience rather than to do things for them. 

W orking with groups and organizations has become the standard 
method of reaching the large numbers desiring the services of extension 
workers. The size of the State and the great numbers of rural people 
make working with individuals inefficient. However, in dealing with 
groups, special effort is made to secure proficiency on the part of the 
most adaptable individuals in order that others may later learn from 
them. ‘To make such work of permanent value, the great need, both in 
the small neighborhood groups and in the wide community organization, 
is for local leadership. Such leaders are the permanent point of contact 
between the service of the College and that community unit. 

Many leaders are to be found within present farmers’ organizations 
such as the Granges, Farmers’ Clubs and Gleaners, and also within rural 
schools and churches. Much has been done by the yarious institutions of 
the State in developing this leadership, but great effort must be con- 
tinued to bring about a realization of the opportunities for development 
along every line in rural community life. The winter short courses, the 
summer school and summer conferences, farmers’ week, and other Col- 
lege activities are assisting invaluably in this work but training in rural 
leadership should be given emphasis at every opportunity. 

The conservative and practical extension work done in former years 
has effectively prepared conditions for the more rapid growth under the 
Smith-Lever Act. There are still many communities where little is 
known of the extension service of the College, but through successful 
work in adjacent regions our methods and purposes are becoming better 
known and appreciated. The work is not crowded upon people where 
there is no desire for it, and it is most encouraging to learn from the ex- 
tension staff that this desire develops rapidly in such regions as the 
work becomes more fully understood. 

In accordance with the terms of the Smith-Lever Act, the work for the 
succeeding year has been planned in project form and submitted to the 
Secretary of Agriculture for approval. Projects Nos. 1 to 14 as already 
given were revised according to the experiences of the year and haye 
been approved. Projects Nos. 15 and 16 will be continued on College 
funds. ; 

Very truly yours 
R. J. BALDWIN, 
Extension Director, 
East Lansing, Mich., June 30, 1916, 
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REPORT OF COUNTY AGRICULTURAL AGENT WORK. 


BY DR. EBEN MUMFORD. 
INTRODUCTION. 


In reporting the work of the County Agricultural Agents for the first 
three years a rather extensive description of the various activities un- 
dertaken was given. The work has been continued as outlined in former 
reports and therefore it seems better to confine this report principally 
to a statement of progress made and results accomplished. 

The development that has taken place in the county agricultural movye- 
ment in Michigan this fiscal year can be measured in some of its phases 
while in others only description can be used. While some results can 
be stated statistically, other features and results do not lend themselves 
to the statistical method. There are several standards by which county 
agricultural agent work may be measured or terms in which it may be 
described. Some of the standards which may be noted are: counties that 
have organized and are taking the usual preliminary steps to secure an 
agent; increase in membership and interest, in the organizations through 
which the work can be carried on most effectively; improvement in the 
financial support of the movement; increase in the results on the differ- 
ent projects adopted. 


COUNTIES BEGINNING AGRICULTURAL AGENT WORK THIS YEAR. 


There are now twenty-six counties having county agricultural agents. 
Thirteen have begun work this year. This means that within the year the 
number of counties having agricultural agents has been doubled. To 
create a sentiment favorable enough to warrant beginning this work and 
to secure the funds required of the county to support it, are in them- 
selves not easy matters and the fact that this has been done in thirteen 
counties in one year demonstrates that the work has proved its value 
and justified its existence, and that the people of the counties have taken 
a deep interest in this movement. 


to 
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CHRONOLOGICAL STATEMENT OF THE DEVELOPMENT OF COUNTY AGRICULTURAL 
AGENT WORK. 


‘ > 2 e Date of 
County. Agricultural agent. beginning. Address. 
AIDENA Ea. nciecie et. { Gti thitvs ss Sentient Mio eT ernie July 1, 1912 Alpena. 
David Woodman y)..cne erent: etnies Maneh 20) 1916 
fetes bees cate cha Ae ae de ERAT Hera cite eta oe eras Sept. 1, 1912 Crystal Falls. 
RONG re relectisicuaes fii}. Dis. KATIE OT ie: techs tar acen dene acon reagan Sept. 16, 1912 
: 13} EL GG 0 ig eet eric eeu Jan. 1, 1916 } Grand Rapids. 
Kalamazoo........ oe Pies FE Se SORT CROCE Hale ees “4 1 O12 Kalamazoo. 
: y OOK. «S05 S Beets etcouebaca Weateenale bere are 1, 1913 
Allegan......... { Alfred Bentall .oS2%¢ Warren eee April 20, 1916 } Allegan. 
Se GG. Ve (Crandall eas oy etek tens be March 1, 1913 
St. Clair......... Clark L, Brody. ooo ee April 1, 1915 Port Huron. 
Hoy lls (Oye Scio icici Rt om Re Rinutr terd a pri , 1913 
Bran SSNS rade &. Y. NBS ie to, Cee ett teat leu DE ERTS July 1, 1916 Coldwater. 
BASinaw ns. eee Han FZSROpIMsOne cave ae eee eos April 1, 1913 Saginaw. 
Houghton’. . wees iss IME MG CISA Les iahs cueacierstmteaiel: wiser ag June 1, 1913 Houghton. 
Newaygo... ....0.4 LB ABlandiord). Gece. ee ee June 10,1913 Fremont. 
Gopebies sje ces J. RAG Onskyir Sone tae pea ee July ‘1, 1914 Ironwood. 
Wrextord = clk pes Al hae Alssenlz dy meme ote ciaoiire One oad. - Oct. 1, 1914 Cadillac. 
Dts JOSepHw seneee Jie MIOWendt@. percent see ieee Dec 15, 1914 Centerville, 
Miarquette).2i. 9:4;.5.\ 20. Ro iWealkera: aie.ccste coe ae eee July 1, 1915 Marquette. 
Dickinsonees tee i? V5 Ballard = ates nei ence ae eee July 1, 1915 Iron Mountain. 
TuOMA WEE ais! 5.3 nie: 6 ness Ob pel OAM Clovis >) oN eet Reto its ero tee Aug 23, 1915 Adrian. 
Ontonagon........ IRR C A CLS cee aA aor rk wees cha ats Oct. 10, 1915 Ontonagon. 
Cheboygan........ CH Koo pt 3 tates flan te Cr eee Dec. 1, 1915 Cheboygan. 
Oliaware.. sooner Dil; Hagerman aa cnriace chess eee Jan. 1, 1916 Grand Haven. 
Mason iis. ..ccentason BU. VESRADMET ces ty. soe Se pee lnhe Rone epeioe Feb. 16, 1916 Scottville. 
Muskegon......... Ry We OLAS Fine be once eorece ene «hit er sees ees March 1, 1916 Muskegon. 
WaneBuren.. 7c .ciee | oe. ALS ALT AEIG 3c, otetcskeyyokere reais tc lone oleae Reena March 1, 1916 Paw Paw. 
Berrien. . Ro HE See alIEKANS eer tee Leese reive ciciiok mctea May 1, 1916 Benton Harbor. 
Manistee.......... PranksSana hammer. cries cies. ater July 1, 1916 Manistee. 
Menominee........ iDp Table troo rh ccuicodKode ad aUR OO GES July 1,1916 | Menominee. 
Schoolerattem eons | pubs Gr 2CAINIOS: ci poyete tes erate ete ete seep ree te July 1, 1916 Manistique. 


FINANCING THE WORK. 


In addition to the counties that have organized and employed agents 
there are at least twenty-five other counties that are in various degrees 
of preparation for the work. In Presque Isle county the Board of Su- 
pervisors has appropriated the county’s share of the funds needed, but the 
funds apportioned for county agent work by the College and the U. S. 
Department of Agriculture were exhausted when the twenty-sixth county 
organized and secured an agent. However, any other county may be- 
gin work at any time if in position to finance it until College and Fed- 
eral funds are available. As a rule the State Leader or Assistant State 
Leader visits counties desiring agents and explains the work in several 
sections of the county. When there is enough interest on the part of the 
farmers to warrant the starting of this kind of work, a county organi- 

zation is formed and methods decided mped for raising the county’s 
share of the funds. 

In all of the counties except three the pares of Supervisors have this 
year appropriated nearly all of these funds. In one of these three coun- 
ties the Supervisors are appropriating about half of the funds, and in 
the other two the funds are raised by subscription. The appropriations — 
of the Supervisors for this year vary from about $1200 to $2000. The 
financial tendency of the movement locally is strongly in the direction 
of having the county governments raise the county’s share of the funds 
through appropriations by the Supervisors. This seems to be the equit- 


DEPARTMENT REPORTS. 73 


able method of distributing the costs as the benefits accrue to all 
classes and occupations. 


ORGANIZATION. 


There has been considerable progress in organization and this has been 
largely in the direction outlined in the report of last year. This year 
‘greater efforts have been made to secure an organization in every com- 
munity, with which the agricultural agent can work. A community is a 
fairly well defined territory and is naturally the social and economic 
unit for agricultural agent work. The boundaries of the township some- 
times coincide with the boundaries of the community, but as a rule it 
has not been found possible to make the township the unit for local or- 
ganizations. The agricultural community generally has a town or small 
city as the central meeting place where the people come regularly to sell 
their farm products and to buy the usual articles consumed; this town 
or city is the banking center and, to a very large extent, the educational, 
religious, and, social center. Within a certain radius of this center, 
therefore, the people are acquainted and have many interests in com- 
mon. Such a center is, consequently, the natural place of assembly and 
provides the logical setting for organized effort, whether of a community 
organization as a whole, or of organizations for forwarding specific en- 
terprises such as potato or bean growers’ associations, pedigreed seed 
associations and the various kinds of live stock organizations. At the 
community center it is easier to have regular meetings and out of such 
conferences there is gradually growing a consciously formed agricul- 
tural program by means of which the problems of the community may be 
worked out cooperatively and systematically. The form of this organiz- 
ation varies according to local conditions, but some kind of an organiza- 
tion is essential in order to secure the largest results. The interest and 
assistance of a much larger number of people is being secured by appor- 
tioning the various phases of the work to committees and by uniting the 
efforts of the different local organizations in the solution of problems 
common to all the people of the community. 

The county organizations are being greatly strengthened by the growth 
of the community organizations. There are many agricultural problems 
which the community has to meet but which are more far reaching than 
community limits; the community organizations, therefore, need to be 
closely related to a county organization and to the state and national 
forces interested in the problems of agricultural development. 

Moreover, as stated in our report for April, 1916, such a system is es- 
sential if the agent is to accomplish what devolves upon him. The re- 
ports of the men show the rapidly growing demands upon their time for 
assistance in all sections of the counties and for almost every conceiv- 
able agricultural need. To meet these increasing demands branches of 
the County Farm Bureaus are being formed in the various communities | 
of the counties as rapidly as possible and the work is being carried on 
through groups and committees. It is only by this group method that 
the numerous calls can be answered and that the efforts of the farm 
agents can be made of largest benefit to the people of the county. More- 
over, these community organizations affiliated with a county organiza- 
tion furnish the machinery not only for reaching more people but also 
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for standardizing their products and thus preparing the way for more 
advantageous marketing as well as for more efficient and economical pro- 
duction. 


RELATION OF THE COUNTY AGRICULTURAL AGENTS TO THE OTHER PHASES OF 
THE EXTENSION SYSTEM. 


By virtue of his acquaintance with local conditions and people and 
with the machinery of organization just described, the county agricul- 
tural agent becomes the logical leader and director of all Extension work 
within his county. By his efforts, through the organizations of the 
county, it is possible to make the most effective use of the time of the 
specialists of the College, the State and the Federal Government. He is 
in position to form a complete itinerary of the county that will bring 
the specialists direct to the problems to be solved. He not only can ar- 
range the schedule of appointments or meetings, but he is also in posi- 
tion to announce the coming of the specialists, through all the different 
channels of communication within the county, and so to bring these op- 
portunities to the attention of the largest number of people. He becomes 
a specialist upon the agricultural needs of the county and can coordin- 
ate all extension efforts and forces within it in such a way as to make 
them lead toward the development of the county agricultural program. 

It will therefore be seen that county agricultural work is not a one- 
man movement but is a system through which many people within the 
county cooperate in developing their agriculture and, when necessary, 
call for the assistance of specialists. 

It is not possible in this report to describe specifically or fully the 
work that the specialists are doing in cooperation with the agricultural 
agents, but this is given more in detail in the reports of the specialists. 
However, it is a pleasure to acknowledge the valuable assistance which 
they are giving and to state that much that is reported here has been ac- 
complished with their cooperation. 


SOILS. 


Problems: In all of the counties the soil problems in some of their 
phases demand much of the time of the agricultural agents. The chief 
problems as reported by them are: planning drainage systems, providing 
humus, correcting acidity, growing legumes adapted to the varied con- 
ditions, demonstrating the profitable use of commercial fertilizers and 
economical methods of clearing Jand. 

Soil Surveys, Analyses and Experiments: As a foundation for the 
solution of the soil problem, a very important project has been under- 
taken in several counties this year in cooperation with the Department 
of Soils of the College. A survey has been made to determine the dif- 
ferent soil types of the county, samples haye been taken and analyses 
made as a basis for establishing lime and fertilizer experiments on these 
different soil types. In starting the experiments based upon this data 
the County Farms have been used in some instances. While this pro- 
ject has not been established long enough to make it possible to know 
the results, still it is believed that it is in the right direction and that 
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it will prove to be fundamental as a method of approach in the solution 
of the more intricate phases of these basic agricultural problems. 

Use of Fertilizers: Some excellent demonstrations in the use of fer- 
tilizers have been made this year. Particularly is this true of the use 
of phosphoric acid on soils deficient in this element. In several demon- 
strations on wheat the crop was increased from 100% to 300% by the 
use of about 200 pounds of phosphoric acid per acre. Demonstrations in 
the use of phosphoric acid on oats at the rate of 200-300 pounds per acre 
showed an increase of from 40% to 300% in the crop. On corn the use 
of fertilizer also gave good returns on the investment. 

In some counties vetch is grown extensively and a large part of the 
crop used for green manuring. On one demonstration of the value of 
vetch used as a green manure crop the yield of corn was doubled. 

Some very valuable results have also been obtained from the use of 
muck on light soils and in one instance reported the muck gave better 
returns than the same amount of stable manure. 

The chief value of these demonstrations lay in the fact that meetings 
were held at these farms so that the farmers could see exactly what had 
been accomplished and by what methods. In this manner the better 
practices are being gradually spread. 

Correcting Acidity: Demonstrations in the case of lime and marl have 
been increased and more widely distributed. The results of these dem- 
onstrations have been so pronounced as to convince even the most skep- 
tical of their value. The reports of the agents show that the application 
of lime or marl in sufficient quantities has frequently given an increase 
in yields of alfalfa of from 50 to 75 per cent. By means of meetings held 
at such demonstrations these results have been made known to the farm- 
ers. There was a large increase in the use of lime during 1915; for that 
period the agents reported 13,687 tons used, as compared with 8,000 tons 
in 1914. They also report that 61 marl beds were located and developed. 

In several counties the Farm Bureaus have purchased the apparatus 
for testing soils for lime requirements, recommended by the Experiment 
Station Chemist. By the use of this and the litmus test a large number 
of samples of soils has been tested for farmers preparing to grow leg- 
umes and particularly alfalfa, One agent reports testing 177 samples in 
two consecutive months. 

Drainage: In six counties drainage demonstrations have been made 
leading projects this year. As the growing season last year and the 
early part of this was exceptionally wet it afforded a strong stimulus to 
farmers having lands insufficiently drained to give more than the usual 
amount of attention to their drainage problems. As a result the drain- 
age demonstrations have been carefully watched by the farmers and 
many of them have begun to provide better drainage for their farms. 


FARM CROPS. 


The organizations that are being formed serve several purposes with 
reference to crops. Through these organizations pedigreed varieties are 
being introduced on a much larger scale and on a community basis. 
These members meeting together help one another solve their problems 
of production and distribution. It not only means better and more 
economical production but really prepares the way for successful mar- 
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keting in that varieties are standardized and a high class product is 
produced in car lots. Since January 1, 1916 the formation of 13 pedi- 
greed seed associations has been reported. 

Through the local potato associations the number of varieties is being 
reduced to two or three of a standard commercial type. The demon- 
strations in the treatment of seed are helping to make this practice much 
more common and through inspection of seed plots diseases are being 
eliminated and the higher yielding hills selected. The association work 
is preparing the way for reducing waste and for much more successful 
marketing. 

In addition to the standardization of the varieties of potatoes, which 
is proceeding quite satisfactorily, mention should also be made of the 
standardization that is taking place in the wheat and oat crops. The 
superiority of Red Rock Wheat has now been fully demonstrated in sev- 
eral counties and plans have been formed by a number of communities 
for adopting it as their leading variety. Community action in this re- 
spect will help to keep the wheat pure and at the same time furnish to 
the millers, in quantities, a wheat which has met their approval. Also 
through community action the growing of Worthy and Alexander oats 
is becoming much more general. 

Through the marked results shown in the oat-smut control demon- 
strations last year, there is a much more extensive use of the formalin 
treatment this year and in some counties the agents report that the 
practice has become quite general. In one county where a very active 
campaign was conducted it was estimated from the amount of formalin 
used that about three-fourths of all the seed was treated, or an amount 
sufficient to sow 20,000 acres. . 

Because of the extraordinary amount of poor and unripened corn in 
the crop of 1915, there was difficulty in getting good seed this spring 
and this caused unusual activity in seed-testing. Campaigns were car- 
ried on extensively through the schools and in the various communities. 
Through the press and by means of circulars and posters information re- 
garding sources ef good seed was, given; the necessity of testing all seed 
was emphasized and the method explained. 

The increased use of lime and marl has been largely a foundation 
for the growing of legumes. This has resulted in a greater acreage and 
higher yields. The successful methods of growing alfalfa are gradually 
becoming general. Much more care is being taken to comply with all 
the conditions that have been demonstrated to be necessary for success. 
The reports of the agents indicate that there has been an increase in the 
acreage of alfalfa of about thirty per cent. 

The use of sweet clover has been gaining in favor, particularly for the 
lighter soils and as a preliminary step in the growing of alfalfa. It is 
also being grown for seed. As the more successful methods of growing 
it become established through demonstrations, it promises to occupy an 
important place among the legumes. 

Soy bean demonstrations have been increased and more widely dis- 
tributed, with a resultant increase in the acreage grown by the farmers. 
The agents report about 300 acres planted at their suggestion in 1915. 

The efforts to secure seed beans more resistant to blight and freer 
from anthracnose have been continued. Comparisons are being made 
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of Early Wonder, Idaho-Grown Michigan and Michigan hand picked 
seed. 
HORTICULTURE. 


In horticulture the demand for the assistance of the county agent 
and the specialist has constantly increased. As in preceding years 
demonstrations in pruning, spraying, thinning, grading and packing 
have been conducted. More requests have been made for help in over- 
coming fruit diseases and insect enemies than for any other phase of 
fruit-growing. 

Spraying, while a long established custom in some localities, has been 
found to be almost entirely absent in others. The county agents have 
shown the desirability of preserving the farm orchard and the possibility 
of profits from clean, well cared for fruits. 

In one county an orchard survey was made as a basis for future or- 
chard work. In another a fruit tree campaign interested farmers in 
planting 10,000 fruit trees, chiefly apples. 

In one county where marked improvement has been shown in the 
methods of production of fruit, the agent attributes much of the change 
to the interest that has been taken in community exhibits of fruit and to 
the stimulus given by winning premiums at the state exhibits. 

In six counties demonstrations in spraying for control of blight in 
celery have been started. In one county twelve sprayers are reported 
to have been purchased for controlling late blight in celery as a result of 
the demonstrations given this season; nine of these were purchased co- 
operatively. .Also, these demonstrations so won the confidence of the 
truck growers in that vicinity that they are planning for extensive 
spraying another year. Special attention has been given to the grow- 
ing of onions and to truck crops in general wherever these crops occupy 
the attention of large numbers of people. 


LIVE STOCK. 


Much attention has been given to the different live stock projects this 
year and excellent results have been achieved. The reports show that 
ten cow-testing associations have been formed and one reorganized. In 
addition to the testing that is being done through associations, several 
of the men have given considerable time to making tests themselves 
and to conducting testing demonstrations. There have been ten commun- 
ity breeding associations formed since Jan. 1, 1916. A live stock census 
was taken in two counties. The dairy picnic was used in one county 
to good advantage. About forty dairy cattle were brought from differ- 
ent sections of the county and a judging demonstration given. This was 
followed by a judging contest in which a number of farmers took part. 
The attendance was large, the interest keen and the demonstration and 
contest have proved to be strong incentives to better dairying. 

Control of Live Stock Diseases: In no other phase of the whole movye- 
ment is a thoroughly organized community so essential or concerted ac- 
tion so imperative as in the control of transmissible animal diseases. 
Repeatedly it has. been demonstrated that the control of hog cholera is a 
community interest and can be checked or eliminated only when the 
community acts as a whole and acts quickly. That this is possible only 
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through an effective organization has been well exemplified. With 
neighborhood standards of sanitation for farm buildings rising, with a 
neighborhood conscience quickened to the point of acting for what is 
beneficial to the group, including a sacrifice of personal convenience or 
temporary personal interests when necessary, the man who is careless of 
his premises, who would conceal infection rather than report it and get 
rid of it, and who thereby becomes a source of danger to the community, 
is no longer tolerated by his neighbors. Furthermore, as the control of 
the disease comes to be regarded as a community interest, the commun- 
ity assumes a share of the expense of the treatment as is shown in two 

or three counties where serum has been furnished by the township to be 
used as the agent may direct and without any charge to the farmers. 

As a result of the persistent organized efforts to control hog cholera 
during the season of 1915 in the four sourthern counties where losses had 
been greatest in prec ceding years, the reports of the agents show that 
hogs approximating in yalue $130,000 were saved to the farmers of these 
counties. In regard to hog cholera since January 1, 1916 three counties 
report some inspection and disinfection carried on merely as precaution- 
ary measures, no cholera having occurred this year in either county. In ° 
a fourth county there has been one outbreak traceable to manure drawn 
from stock cars. Of the four southern counties above mentioned two re- 
port six outbreaks each; from one comes a report of sources of infection 
as follows: carried over from previous years, three, (one of these was 
spread by flood conditions) ; hogs brought in from adjoining county to a 
local slaughter house, one; carried to farm by stock cars on railroad 
passing farm, one; from feeding garbage, one. In the third county a 
systematic campaign for the control of cholera has been carried forward 
all year; although many suspicious cases have been reported only a few 
of these have been found to be cholera. In the fourth county reporting, 
not a single case is now known to exist. 

The most encouraging feature of all this season’s work is the faet that 
in not a single instance has any spread of the disease been found. 

The cooperating parties in the control of this disease are the Bureau 
of Animal Industry of the United States Department of Agriculture, the 
State Live Stock Sanitary Commission, the Farm Bureaus and Agricul- 
tural Agents of the counties. 

The only other disease that has claimed enough attention to be noted 
has been tuberculosis. At the conference of the county agricultural 
agents at the College February 28, one session was given largely to the 
consideration of the relation of the County Agent to the use of the tuber- 
culin test. A committee was appointed to formulate a policy in regard 
to this and the report of that committee was adopted by the agents. In 
brief it seemed to be the consensus of opinion of the men present that 
the agent’s attitude in regard to the use of the tuberculin test should be 
largely an educational one and that the consideration of the common 
good should be the basis of his activities in this respect. He should try 
to secure the cooperation of the veterinarians of his county in an organ- 
ized effort to control or eradicate bovine tuberculosis. Experience shows 
that as a rule the veterinarians are willing to cooperate with the agents 
in this important work. Where they are not, it was believed that the 
good of the community and of the county should be the first considera- 
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tion and that the agent should do all he could to create a sentiment fay- 
orable toward action that would eradicate the disease and protect the 
health of the people of the county and of all the consumers of milk from 
the county. 

Interest in eliminating tubercular animals from dairy herds is gen- 
eral. In some counties farmers have been assisted in familiarizing them- 
selves with making the tests. By this means and by the general build- 
ing up of better dairy herds, the weaker animals are being removed. In- 
terest in pure milk is being stimulated by talks in the schools and before 
mothers’ clubs. 


FARM MANAGEMENT DEMONSTRATIONS. 


The interest in the farm management demonstrations has been in- 
creasing as will be seen from the report of the Farm Management Dem- 
onstrator. It is believed that the value of this work will become more 
apparent as the county agricultural agent work is developed. The whole 
tendency of this movement is toward a well organized county agricul- 
tural program, and in such a program the study of the farm as an or- 
ganization of specific enterprises has a very important place. One of the 
most encouraging and gratifying features in the progress of the farm 
management work this year has been the interest that has been taken in 
farm accounting and in the use of the farm account book. In the three 
main branches of any business—production, accounting and distribu- 
tion, accounting is absolutely essential for an intelligent direction of the 
business. 


BOYS’ AND GIRLS’ CLUB WORK. 


The relation of the county agent to boys’ and girls’ club work is 
largely that of an advisor on the technical phases of agriculture, but he 
is vitally concerned in the progress of the work as an organized movye- 
ment. It is a source of development of rural leadership and of interest 
in the opportunities of rural life and of an intelligent appreciation of 
them. As an advocate of a program for permanent agriculture within 
his county he is committed to a policy that will hold the interest of the 
boys and girls and assure their training in team work, upon which much 
of the future development in agriculture depends. 

According to the reports of 17 agents, 101 clubs haye been formed 
since January 1, 1916. 


THE MARKETING OF FARM PRODUCTS. 


A large part of the work of the agents this year has had a direct or 
indirect bearing on the buying and selling operations of the farmers. Al- 
most every successful organization, whether formed for marketing or 
not, exercises a helpful influence in this direction because it furthers ac- 
quaintance among farmers and accustoms them to acting collectively. 
Moreover, in practically all the projects adopted, one of the chief ends 
in view has been more advantageous marketing. Likewise, one of the 
keenest interests the farmers have had in the movement has been in the 
aid that might be given toward more satisfactory marketing, and the 
agent’s principal point of contact in dealing with them has often been 
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in relation to questions of buying and selling. But, as a rule, there are 
many preliminary steps before the farmers of a community are in posi- 
tion to take advantage of the best markets in an economical manner. 
’ Successful buying and selling implies products of definite standards and 
grades in quantities sufficient to be handled in car lots, and this calls 
for community action and organization. 

As an outcome of potato association work, two agents report the sale 
of 300 bushels and 400 bushels, respectively, to be used for seed, to the 
members of a Farm Bureau in another county in Michigan. One of these 
counties also sold three car loads of potatoes for seed in Ohio, Indiana 
and Illinois, the sales being made through the Farm Bureaus in those 
states. 

The work of the community breeding associations in relation to mar- 
keting has been chiefly in purchasing better stock, a large number of 
sires having been bought in this way and also some pedigreed and some 
good grade cows. As a result of this kind of organized live stock work 
one agent has reported a sale of registered cattle, the first of its kind 
in his county, and another the selling of a car load of dairy cattle. One 
agent assisted his farmers in the purchase of four car loads of cattle for 
grazing. 

The agents have been in close touch with the live stock shipping asso- 
ciations, of which a large number has been formed in Michigan in recent 
years. In two counties the agents have been confronted with the prob- 
lems of marketing milk, and through their efforts these haye been taken 
up by committees of the Farm Bureaus. 

Exchange lists of products wanted or for sale, are issued by the agents 
of several counties and these have proved helpful; in one county a Buy- 
ers’ and Sellers’ Association has been formed. 

Three associations for the marketing of fruit have been reported as 
formed since January 1, and in the other counties where fruit growing 
is important the agents have aided in reorganizing associations or in 
strengthening them through federation. The work of all these associa- 
tions is being made much more effective through the demonstrations 
which have created a greater interest in fruit of good quality, carefully 
graded and packed. Through the local and state exhibits the counties 
are being brought into closer touch with the best markets and by other 
means of advertising a greater demand is being developed for fruit. 

An interesting illustration of cooperation of different interests in mar- 
keting is that of the method followed by one county in adjusting a dif- 
ficulty in regard to prices of wheat between farmers and millers. Through 
the offices of the agricultural agent, committees from the millers, the 
Farm Bureau and the Association of Commerce met together for discus- 
sion of their differences. The outcome was the adoption of a cooperative 
plan satisfactory to all parties. 


INSTITUTES AND ONE-WEEK SCHOOLS. 


During the winter months the institutes and one-week schools occupy a 
large part of the time of the county agents. In January, February and 
March twenty agents reported a total of 874 meetings with an attend- 
ance of 57,230. Since the inception of the county agent movement the 
tendency has been to make meetings of this character a part of the regu- 
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lar agricultural program of the county, and at the June conference of 
the agents a policy to this effect was formulated by a committee of the 
agents and adopted by the conference. The Institutes and Schools fur- 
nish the best opportunity for a careful study of the methods and results 
of the demonstrational work; also the best opportunity for deliberation 
upon the projects to be adopted for the new year. The significance of 
these meetings in the agricultural development of a county is greatly 
enhanced when they are made to contribute directly to the agricultural 
program of the county and to certain definite projects continuing 
through the year or until satisfactory results are obtained. 


CONFERENCES. 


During the year three conferences of the agents were held at the Col- 
lege and two district conferences in the Upper Peninsula. These con- 
ferences afford an excellent opportunity for exchange of ideas and ex- 
periences and for consideration of the leading projects and methods. At 
one of the conferences this year attention was concentrated largely upon 
methods of controlling animal diseases, and at another upon the prob- 
lems of marketing farm products. One of the meetings of the agents 
was held at the time of the Fourth Annual Country Life Conference. 
The program of this conference dealt with social and economic problems 
of rural life with which the agents are concerned. 


FIELD WORK OF ASSISTANT STATE LEADER AND STATE LEADER, 


An appointment which promises much for the development of the 
work in Michigan and which supplies an urgent need that had existed 
for some time, was that of Mr. Charles B. Cook to the position of Assist- 
ant State Leader. Mr. Cook closed his work as County Agricultural 
Agent in Allegan County, March 11, and assumed the duties of the new 
office March 20. 


The field work of both the State Leader and Assistant State Leader 
has been chiefly as follows: 


a. Explanation of County Agricultural Agent work in counties not 
having agents. 

b. Assistance in organizing new counties and in selecting agents. 

c. Helping to strengthen organizations in counties already organized. 

d. Consultation with Farm Bureau officers and committees, and ag- 
ricultural agents in regard to projects and methods. 

e. Attending and addressing meetings in the counties for the pur- 
pose of forwarding some definite project. 

f. Study of methods and results of work connected with the various 
phases of the County Agricultural Agent movement. 


The Assistant State Leader has given most of his time to work in the 
field. Twenty-nine visits have been made to the county agents; this has 
included trips to twenty-six demonstration farms for inspection and 
study of that work; it also included assistance in counties starting the 
work. He has attended 23 meetings totalling 1,280 people and has ad- 

11 
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dressed most of these meetings in relation to some phase of county agent 
work. 

During the year the State Leader has made 80 visits te the county 
agents and with them has visited 57 demonstration farms. On account 
of the large number of new counties organized this year much of the 
time has been needed for them. In the interest of the work in the or- 
ganized counties and in those just starting, he has addressed 119 meet- 
ings with an attendance of 18,575. 

In behalf of all those directly connected with the work the State 
Leader wishes to acknowledge the assistance given by different members 
of the faculty of the College and by members of the U. 8S. Department 
of Agriculture in the conferences, in field work and in various other 
ways; also the assistance which has been rendered by the cooperation of 
many organizations in the State, with the County Agricultural Agent 
movement. 

A statistical summary of some phases of the work concludes this re- 
port. Since the reports of the agricultural agents are now made on the 
basis of the calendar year and not the fiscal, it is necessary to give two 
series of statistical summaries, one for all of 1915 and one in part for 
the first six months of 1916. The first group of statistics has been com- 
piled from their reports for the calendar year 1915. Ten of the reports 
were for the full year; one for eleven months; one for nine; two for six; 
and one for four months. 

Seventy-five per cent of the agents’ time was spent in field work. 


STATISTICAL SUMMARY FROM JANUARY 1, 1915 TO DECEMBER 31, 1915. 


Work done in relation to the people. 


No. Agts. 

reporting. 
Associations organized for sdulis. *5:-402 4 s+ «+ ...sBone tone 63 14 
Membership? : 2. 0. 8 ee eens ae ee eee ee 2,316 14 
Boys'and Girls’ Clubpis.¢ 2. i. seco ees Os oe 15 14 
Membership; 4023 8.2 uaaic es odie eS. bs ee eee 650 14 
Meetings addressed): ..3/./.. th Atk a ee SE ee 1,046 17 
Attendance ia so: ge 0s} eee ee oe ee 58 , 737 17 
Shortt Conrses Helden ss ss. sc epee eek ae eee 31 17 
Attendance iy. 9) ical R ee Eee ee eee 3,560 17 
Harm ‘yisits made. s.r oe Sede se A a ee eee 9 , 063 17 
Calls on agents at ethices s/h. 0, Ate Oe oi ae neg ee ee 5,475 17 
Letters writcens, 00". 2 ee ee ee ee 13,700 17 
Circular Jettersimatled 5} i))5)))y. 2h OS | a EE A 44 008 17 
Press articles prepared... 212..cir30) o, toe a eee 373 17 


Bulletins distributed. Wee on hoe aa bak ices bo pe 4,593 17 
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WORK DONE. ON SUGGESTION OF AGENT, OR UNDER HIS DIRECTIONS. 


E 


18% 


II. 


IV. 


ye 


Vil. 


VIII. 


Ld.¢ 


In Home Improvements: 


Water supply systems wistalled: .2% .. 0°... -i2.. tae one Ree 46 
Mette systema anstalleten.,. 5. <2°..2 5.03 00+ «ck fee gp eine er: 4 
ea tino systems stistalled cc. sa teas vette aol eee es 2 
iHome: srounds'planived’ 212%: fa 2 en ee eee ae eae 32 
Sanitary conditions 1mproved 8). 2/26 28 a h.snde ed eee 135 
With Corn: 
Harmers! selectingse6d COM. 8% 2... ce «ose s eee ee ee 704 
Acres planted with selected seed................,.0-055 3,375 
Acres planted with tested seed...........0 00.0 cee eeees 5,115 
Increased yield in bushels per acre..................... 8 
With Wheat and Oats: 
PUETON AVNER STOW nit Spr aaa. tee ne ated nb twats 2,164 
Increased yield in bushels per acre.................---- 11 
Harms treating opts tousmutac sek ostoides cee e ie -e 515 
Acres oats seeded with treated seed.................... 6,970 
Increased yield of oats in bu. per acre.................. 14 
With Hay and Legumes: 
Acres of hay grown........ Diy es at nay oe See Ae Pa 840 
Increased yield of hay, tons per acre..................- 3 
INCEGS val fli ae eTO WAL cesses cae Sb Racin tot iecherete tree ee te 7,697 
ACT ESHS WCE ta ClOV CE iene ons fe ara eae Ran Mena te eee tsaltec octet hw etenadlcs 477 
POET ERO VERTIS Soy pied, AO reed coat acai BEAR Nena Eg co 300 
INCLES-COWADEASIETONIE rate ae Aek She bate ts Se ee ee he 33 
INCTES ViEbCha PEO Ws (ESbINOAALEC irene veiscneies oteabte nes 2 el 12,500 
. With live stock: 
Father red SU6g PUnCHAdede.< wes reo esc te oo os OE 106 
Cow-testing associations formed......................- 6 
CSc is 7 CU RESEE Sao te Se Rg eae oi oe pee a 834 
SFeCUeIn: -askOGIA ONS fOPMEM “2... 2° at viz dele waietas 5 Sale eels 15 
Membership in Breeders’ associations................... 435 
With live stock diseases: 
Animals treated for tuberculosis.................-2.++: 557 
Mors vacanated for’ Cholera: . 2,20 oe gb-2 sees sewn 3,776 
In relation to soils: 
cons of mineral feriilizers'‘used 4.0305 soe 24 cee. wee ee 818 
Local sources of limestone. developed. .................. 61 
LCONS Oly MMH ESGONE ISCO ch-dyaetemien te eae ale eats feeet ae eRe re 13 ,687 
Acres of hay or grass land top-dressed.................. 750 
Acres of legumes used for green manuring............... 5,680 
Acresaf other Crops 80. lISEd <2 see Fee) a cin ® ae: 1,571 
Acres for which drainage was planned.................. 1,905 
roy totations planned: A208 5G ke, seals ocho a eee 285 


Farm Buildings: 


Par: buildings planned : 33's...) 1.0. Ree tea 115 

WilOs CORSEMUCLED te brsx0'5 D562 « uae eb aeees dare Sea) 657 
Improving farm business: 

Harm analysisrecorda: taken... 2°. oe 6 eee os Pes 382 

Farmers induced to keep accounts...............-22005 130 

Cooperative associations organized........:..........-. 17 

Business done by associations.................-00500: $513,150 


Savilgiby ansdeistiony.s 2 vies ieee ee ee eve 62,800 


- 


No. Agts 
reporting 


10 


@ 00 00 00 00 
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STATISTICAL SUMMARY FROM JANUARY 1, 1916 TO JUNE 30, 1916. 


| Jan Feb. Mar. Apr. May. June. | Totals. 
Number of agents reporting..... 18 21 21 22 22 26 Nise liehs ete 
Field. 

Was at elds s.. oc. eeprom 342 323 28143 3724 493 3893; 2,20134 
Demonstrations: 

Be VISITE... Fie cote esc ca at eee nce an | cai | a 46 68 137 251 

Db. Meetings heldiat. 221. gsco ence I coe erin 13 54 65 40 172 

c. Attendance at meetings....!........ ree eteyegers 424 758 515 906 2,603 
Other meetings held............} 392 238 245 222 161 105 1,363 

Attendance: (i225... oie en ee 28 , 586 16,015 12,835 9,985 7,583 5,632 80,636 
Farm Visits made. oe. o. ccklan 382 279 317 1,023 1,465 1,334 4,800 

Office. 

DAaVS InVOMCes. <). cee ete te 193 134 2103 1373 148 137 960 
Calls on agent: 

IRErsOne assess wn ec hee ameter 976 559 1,043 1,124 1,050 820 5,572 

Telephone jess eee ee 657 514 986 1,197 1,421 1 O57 5,832 
Articles published in local press. . 10 9 44 29 48 77 217 
Lettersiwritten= to. te iewcnes 2,175 1,822 2,216 2,611 2,519 1,735 13,078 
Circular letters mailed.......... 135 1,106 1,469 1,603 1,793 1,262 7,368 
Bulleting'distributed7.4..00 2 dlaao ce ripe eee: 4,118 5,328 1,429 | 1,908 12,783 


REPORT OF EXTENSION WORK IN HOME ECONOMICS. 
BY PAULINA E, RAVEN. 


The extension work in Home Economics for the past year has been 
carried on by the specialists. The different phases of work which were 
begun during the first year were continued during the second year. It 
was gratifying to note the interest taken, results evident, and the recep- 
tion given when a place was visited for the second time. Tt i is impossible 
with our present staff to know just the number of people helped and the 
changes made because of the Extension work in Home Economies. It 
has not been possible to make many personal visits to farm homes. This 
form of extension work can best be carried on by a Home Demonstration 
Agent located in a county. 

‘Extension Schools: During the season from November Ist to April 
10th, the specialists were engaged in conducting one-week schools. Thirty 
extension schools were held in different parts of the State; six of which 
were second year schools, being held where schools were conducted the 
previous year. 


Total number, enrolled. :<:-...05.. 53... sae SS eS 1561 
Total number of lectures given ...... Stgare a): + 8 ot en 
Total number of demonstrations given ......... + Seecaeates 


For a more detailed report of the Extension Schools in Home Eco- 
nomics, see “Report of Extension Schools.” 

Fairs and Community Exhibits. Food products and canned goods 
were judged at the following fairs: Michigan State Fair, Imlay City 
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Fair, Eaton County Fair, and Hillsdale County Fair. An attempt has 
been made to have the fair associations adopt and use a uniform score 
card in judging the products, in order that the exhibitors may know the 
basis on which the products are scored. Canning demonstrations, dem- 
onstrating the Cold Pack Process of Canning, were given at the follow- 
ing fairs: Calhoun County Fair, Jackson County Fair, and Lenawee 
County Fair. The following Community Fairs were visited where judg- 
ing was done, and a short address given on Extension Work in Home 
Economics at each place: Merle Beach, Scotts, East LeRoy. In attend- 
ing the fairs we have been-able to meet people from different sections of 
the State and to interest them in Extension work. 

Associations and Summer Conferences. Addresses and demonstra- 
tions were given at one or more sessions of the following conventions and 
organizations: 


State Federation of Women’s Clubs. 

National Potato Growers’ Association. 

Conference of Extension Workers of the North Central States. 
State Nurses’ Association. 

Farmers’ Week (3 lectures, 1 demonstration). 

Housekeepers’ Conference (5 lectures, 3 demonstrations.) 
Conference for Rural Leadership (1 lecture, 1 demonstration). 
Home Economics Teachers’ Conference. 

Home Economics Section of the State Federation of Women’s Clubs. 


Girls’ Club Work. In February Miss Anna Bryant Cowles, one of the 
members of the staff, took up the Junior Extension work for girls, be- 
cause of the need for assistance in that branch of extension work. A 
bulletin on Garment-making has been prepared for use in girls’ clubs. 

Canning Demonstrations. Considerable time and attention has been 
given to demonstrating the Cold Pack Process of Canning. Ist, To con- 
serve the waste in the gardens and orchards; 2nd, To make a greater 
variety in the diet in the winter and early spring, when fresh fruits and 
vegetables are not obtainable. 8rd, Because the price of canned products 
will have advanced this coming season, to the point where many cannot 
afford to purchase them. Single canning demonstrations have been held 
in thirty-one different communities, exclusive of those given at fairs and 
in connection with the one-week schools, and there has been a total at- 
tendance of 2,702 women. 

Two members of the extension staff made a trip to the Upper Penin- 
sula in March. Extension schools were held in six different localities. 
In May, a petition signed by one thousand women was sent to the office 
of the Extension Director asking that an Extension Specialist in Home 
Keonomics be placed in charge of the work in the Upper Peninsula with 
headquarters at Marquette. This request came as the result of the work 
done and the interest created by the members of the staff and the other 
Extension Specialists in the Upper Peninsula. Miss Margaret Justin, 
one of the specialists who has assisted in carrying on the work for the 
past year, has been assigned to this position. 

State Nurses’ Association. The members of the Home Economics Ex- 
tension department met with the State Nurses’ Association at their an- 
nual meeting held at Kalamazoo in May. The purpose of the Home 
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EKeonomics Extension work was presented at the meeting. The State 
Nurses’ Association will cooperate with the Extension Specialists in 
presenting the lectures and demonstrations on Health Day in Extension 
Schools, and Better Babies Week. 

Rural Home Clubs. As a means of follow-up work, two clubs were or- 
ganized in rural communities to carry on the work of the Extension 
Schools. These clubs were organized at the request of the members of 
the schools and will be known as the Rural Home Clubs. The object of 
the clubs is to encourage sociability while working for the betterment of 
the homes, and to better homes by systematic study. Monthly meetings 
are held and a report is made by the Secretary to the Home Keonomies 
Extension department after each meeting. Suggested programs have 
been sent to the clubs together with material for “the programs. It is the 
plan to organize many such clubs during the coming year, because they 
will be a means of bringing the College in closer touch with the women 
of the rural communities, and will be a means of continuing the work 
begun in the Extension Schools. 

Bureau of Information. The Bureau of Information was conducted 
the same this year as last year. Many requests have come in for special 
diets. Seventy-four diets have been sent out, fifty per cent of these were 
for diabetic patients. These diets were always made out at the request 
and in cooperation with the physician in charge of the case. 

There is need for some special lines of Extension work for young 
women, past eighteen years of age. They are too old for the club work 
and they are not yet in homes of their own. They are asking “What have 
you to give us?” 


SUMMARY. 
Total; number iol schools $354.24 09 se Se eee 30 
Total-enrollment: of, schoolgy.2.253.< > te vies “a0 frag SS 
Total canning demonstrations ...... i eee 31 
Total enrollment of canning demonstrations. «ss: peed ie ey 
Other lectures and demnatrtie hopes a eee ee 23 


Total attendance of separate lectures and demonstra- 
TONS Ferns chaisns cee PA oie eat tel © Oa oe 
Total number of people: served... 0.6...) cic les Mpa 
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REPORT OF EXTENSION SCHOOLS. 


BY R. J. BALDWIN. 


The Extension School is a group of rural people organized into a class, 
to which a definite course in agriculture or home economics is given over 
a period of from three to five days, by members of the extension staff. 
These schools offer an opportunity for more intensive study than is pos- 
sible in meetings of shorter duration and larger attendance. The pur- 
poses of these schools may be briefly stated as follows: 


1. To give systematic courses of instruction adapted to local needs. 

2. To give those who cannot leave home a chance to take advantage 
of a course near at hand. 

3. To promote greater local interest in local problems by bringing 
‘the people together to discuss their common problems. 

4. To bring the extension workers into personal contact with the peo- 
ple of the community to the end that plans may be made for carrying 
out definite demonstrations on local farms and in local homes. This 
often results in working out a program of a year’s work for a local or- 
ganization which affects the whole community. 

5. To interest boys and girls in home project work, and to place them 
in touch with the Junior Extension Service of the College for further in- 
struction. 

6. To keep the farmers and farmers’ wives acquainted with the work 
of the Agricultural Experiment Station, the United States Department 
of Agriculture, and with the better practices of farmers in other parts 
of their own State. 


The extension workers are in constant association with farmers in 
various parts of the State, some of whom are successful in one line and 
some in others. This in addition to their training makes it possible for 
them to make their courses practical and adaptable to local conditions. 

Systematic courses were offered in the following subjects: 


Farm Crops. Farm and household engineering. 
Horticulture. Insect pests. 

Soils. Animal husbandry. 

Farm management. Home Economics, 1st year. 
Dairy husbandry. Home Economics, 2nd year. 


Live stock. 


The special assistance of Mr. J. A. Waldron and Mr. Ashley M. Ber- 
ridge in animal husbandry and dairying, and Mr. T. A. Farrand in hor- 
ticulture, was secured for the season and this made it possible to meet 
the demand for this type of instruction. The members of the College 
teaching staff assisted wherever possible, giving courses on special sub- 
jects requested. 

In counties having county agricultural agents the schools were arrang- 
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ed for by the county agent. 
sisted in the instrumental work. 


In most of such cases the county agent as- 
An attempt will be made in the fu- 


ture to send sufficient aid to relieve the county agent of this responsibil- 
ity in order that he may be free to stimulate attendance, perfect the or- 
ganization of the school and arrange for follow-up work. 

The following tables summarize the agricultural and home economies 


extension schools of the season: 


ONE-WEEK AGRICULTURAL EXTENSION SCHOOLS IN 1915-16. 


bY 

raw mts 

< Es 

0) = = j 

Sp | BS f g Year. Subjects given. 

mK Sq ee 

| ¢ | $8 | Se 

< A 4 
ANDION tis ai serre ne ete 25 | ~ 54 22 Ist | Dairying, F. Crops, F. Engineering. 
PMO ICR ae dap nad OB oer ZO Go 20 Ist. | Dairying, Farm Crops. : F 
Alvansee sss. chee eee 62 | 75 17 2nd | F. Management, F. Engineer., Live Stock, Soils 
Battle Creek (Convis).. 30 | 35 20 2nd | F. Crops, F. Engineer., Control of Insect Pests. 
BETH Hace ecu atee 17 25 20 1st | Dairying, F. Crops, F. Engineering. 

| 
Beulah ck tr. 58 oot sex 20' |) 3130 16: Ist | F. Crops, Dairying. , 
ISTEUNTEHIAt pico eee 17 24 18 1st | Soils & Crops, Live Stock, Horticulture. 
Caled oniaianss settee ht: 34 50 16 3rd | Dairying, F. Crops, Live Stock, Poultry. 
Cadmustee fame ne 10 30 18 ist | Animal Husbandry, Soils & Crops. 
Caro-Ellington........ 18 41 20 Ist | F. Crops, Dairying. ; 
China(StClaino ac... 36 46 30 Ist | Dairying, F. Crops. t 
Coldwatensuiensnae 1. 14 36 9 2nd | F. Management, Dairying. 
Constantities) 225. seks pe 740) 59 19 Ist | Dairying, Soils & Crops. 
Coopersyillely. :-e 23 45 18 Ist | Dairying, F. Crops. é 
ID OWAEIACK i cet ete ce 43 125 22 2nd | Horticulture, F. Crops, F. Engineering, 
DUAN se SS oe atktevees a oes 21 53 16 2nd | F. Crops, F. Engineering, Insect Pests. 
Edwardsburg......... 31 79 18 Ist | F. Crops, Dairying. 
Hennvilletet ni: aE ae oe 37 54 12 2nd | Dairying, Soils, F. Crops. | 
NOMtION AS ah op eateoe hale 28 61 16 2nd | F. Crops, F. Engineering, Live Stock. 
Gaylord tee eee ee 20 35 8 Ist | Soils and Crops. 
lemlockape sere eae 14 38 16 Ist | Farm Crops, Dairying. 
ODENSE Sco eee 19 30 ip) Ist Soils & Crops, Dairying. 
Iron Mountain........ 27 35 18 Ist. | Dairying, Soils & Crops. 
Jasper-Ridgeville...... 18 25 15 2nd | Animal Husbandry, Soils & Crops. : 
KentiCityvrc ere Al 56 20 Ist Farm Management, Hort., F. Engineering. 
Kochwillege serene 16 35 20 Ist | Farm Management, Dairying. : - 
Miantonieyscrt post ee 18 35 21 2nd | Soils& Crops, Animal Husband, F. Engineering. 
Miarshallet. Seize tres on 14 28 20 2nd | F. Crops, F. Engineering, Insect Pests. 
IMEONTOC $a 2 ath ee oe 37 88 23 ist | Soils, Dairying, House Engineering. 
Nelson-St. Charles... .. 22 44 20 2nd | F. Management, Soils & Crops. 
NewsHavenznoseacs sen 13 35 16 Ist | Dairying, F. Crops. | 
New Richmond....... 28 34 12 2nd | Soils & Crops, Dairying. 
Petoskeycinveatio eee 44 119 18 Ist | Dairying, F. Crops... 
QUING yarn eee eee ae 11 25 5 2nd | F. Management, Dairying. 
RUC WSs oxcten eee ae 62 90 16 2nd | F. Crops, F. Engineering, Insect Pests. 
Saginaw Township... .. 21 36 14 2nd | F. Management, Poultry, Vet. Science. 
SGOULS [7.5 .chh eerie 28 47 | 20 Ist Farm Crops, pitt : ¢ 
SHEL Vier. Ae eee 24 WE 17 ist | Dairying, F. Crops, F. Engineering. 
Sprneport eee, ee 33 57 20 | 1st | F. Crops, Dairying, Insect Pests. 
MHTECLO AES, -o5 2 soe 22 44 16 1st | F. Crops, Dairying, F. Engineering. | 
EURTES RIVETS 25... eae | 920 56 | 17 2nd | F. Engineer., Soils, Hort., F. Management. 
PCO GRIS's aici eo > Soc ce 1,073 |2,051 (eG Gel eee eer ee Ire oa woh Se 
| 
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ONE-WEEK HOME ECONOMICS EXTENSION SCHOOLS IN 1915-16. 
E i" = 
Lectures 
Average Total No. | and demon- Subjects 
attendance. enrolled. strations given. 
given. 
PNOLCHIG OTM GET 4h also keek Shlscan at ety eats 20 43 10 | Second year. 
PMUIAERISE DT Se ee, at era tah de: be ee ee ore ote 30 40 12 | First year. 
SREP ICH TOR oo je5 nqeels Sep PAE STs RIA eee 24 36 11 | First year. 
IE EEROS RS Ae PG ERS PE Oe 5 ERE Eater ona 23 54 10 | Second year. 
TBE Sh Noro. he eee eet greg DENTE ea meee 14 20 8 | First year. 
EST OR CROSS Ona. y Wee Bayi tat oes) oaset s slare eis 8 24 7 | First year. 
(CEG aLDS UE) 8 otek ee eat Baie cic Ore EPCS ce 13 24 9 | Second year. 
Caro2*BHine tom. 3.24% okt Ven aent. sas 12 14 8 | First year. 
CURUTIOL LCR peee rite © ik ei ee ee ee 33 48 12 | First year. 
CCIM (CIAIT) ize cis, oe ase crtareetae se: 23 31 11 | First year. 
WP ROCOLA yi emer oats fiery ee GRR ale wate 19 27 6 | First year. 
AS OUSTONT ING es sees se ear ita) yc Rae eee 51 66 11 | First year. 
31 54 6 | First year. 
19 22 4 | First year. 
23 54 6 | First year. 
37 50 9 | First year. 
52 67 9 | First year. 
! 88 116 11 | First year. 
LBECFON UC 3 cles ErGer Ree MERC One ia tac SCTE Al 52 12 | First year. 
EMCO Ae gay Caseiene eee he pce ote le 25 38 8 | Second year. 
JASPeL- Ridgeville nt ee. took 5. eee bee ois 23 30 10 | Second year. 
UCM MOGI es asa eta tes eels es 68 152 11 | First year. 
INE OTE oy ie a ie RSs Ce ee ae 67 105 6 | First year. 
TV TUELIST TC er a252 nc hens, os Wa ake. oe ee se 21 30 6 | First year. 
TAL STAY SOV a Re cya sce ee ee seh nent: a MRO Bi 60 102 11 | First year. 
LECOp EC Foie (6 aa one Relea eae A ca ON er 57 82 22 | First year. 
LEICTATHCO UH Ocoee sermnicn Oecd peaueRe Obi aca aoe 50 94 10 | First year. 
QUSIICVER AT cen he a Ren oe a i 10 25 5 | Second year. 
Ea ve GC CUGEE vr.c so Per yo Nat aeicioteut ee en ee 16 17 8 | First year. 
SCH SES rect Avg RE Re A aes NE ci Pl ah 38 44 12 | First year. 
CRTC LDS ORS ANA coat a Ge ea ee RE 996 1,561 281 


REPORT OF JUNIOR EXTENSION WORK. 


BY HE. C. LINDEMANN. 


The emphasis in Boys’ and Girls’ Club work during the past year has 


been placed on the problem of securing resident leadership. 


It has 


been the plan to strengthen the organized communites rather than ex- 


tend the work to new territory. 


There are now 374 organized clubs in the State with a total member- 
ship of 5,952. The enrollment for 1915 was 4,290, which indicates an in- 


crease of 1,662. 


The following club members won State championships in the yarious 


projects during the past year: 


Howard LaFrance—Potato-growing—Osceola County. 


Charles Morrice, Corn-growing—Clinton County. 


Johanna Held, Housekeeping—Kent County. 
Niles Hagelshaw, Poultry-raising—Calhoun County. 
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Lenna Morgan, Garment-making—Calhoun County. 
Alverta Reagle, Gardening and Canning—Calhoun County. 
Helen Denning, Canning—Hillsdale County. 

Magnus Nepstad, Gardening—Muskegon County. 

Martha Pawloski, Bean-growing—Huron. 


The total income for all projects calculated on the basis of those who 
turned in complete reports was $12,031.28. 

The demand for this type of work is increasing in all sections of the 
State. During the past year it has become necessary to secure addi- 
tional workers. Miss Anna Bryant Cowles was transferred from the De- 
partment of Home Economics Extension to Boys’ and Girls’ Club work 
in May, 1916. Chester A. Spaulding was employed as Assistant State 
Club Leader on July 1st, 1916. Miss Mabel Claire Rogers assisted in the 
promotion of ‘canning and garment-making clubs during the months of 
May and June. 

The following men have been employed for the purpose of supervising 
boys’ and girls’ club work in their respective communities during the 
summer months: 


J. F. Machotka, Kent County. 
G. V. Edmonds, Osceola County. 
C. Kk. Ackley, Calhoun County. 
R. N. Kebler, Barry County. 

R. A. Turner, Hillsdale County. 
Ki. J. Smith, Lenawee County. 
J. H. Rayle, Kalkaska County. 
Leon Grubaugh, Clinton County. 
L. D. Hard*, Manistee County. 
K. K. Vining*, Newaygo County. 
G. R. Garlock*, Saginaw County. 
Bb. J. Holeomb*, Charlevoix County. 


In addition to the regular field work in connection with boys’ and 
girls’ clubs there have been conducted the following activities: 


Activity. Place. Duration, Pokewined 
Scnool of Instruction-for Club, Weaderse.so.. .1.cne dene oe: IVE vA Clase tna Onda Sens 102 
School of Instruction for Club Leaders................/... Mt. Pleasant..| 3 days... 165 
School of Instruction for Club Leaders..................4. Kalamazoo...| 2 days... , 80 
School of Instruction for Club Leaders.................... Ypsilantiz.... li daiy: cae 175 
lub Boys’ Camp 55 Vie sie Oot Oa ees sens he ae ee M- Ac €:2....).10. days 26 
County Round-up for Boysiand Girls) 5 0. 4 0. e oe ieee ae Kentis0: 3.5.25) ludayaeee 65 
County, Round-Up forBoys: and Girlsk a0) eee ae eee Calhoun’, .: .).. 2 days... 80 
Caunty, Round-1p for Boys andeGanls: pape asi eeteey ee asieeeiene Mecosta...... 2 aysiu. 70 
County.Round-up for Boys and Girls<s)2..7..7.. 58. se. oe Newaygo.....| lday.... 35 
County Round-up for Boys and Girls...................-: Kalkaska..... ZiGaivs:v.. 40 
Gounty, Round-p\ for BoysiandGirls, 9.555. oe ne Huron joe oe day... 40 
County Round-up for Boys‘and Girlss 22.222 .h52. +cat ore ee Tsabellay episer 1 day.... 50 
County, Round-up.for Boys and Gitlss..... sce. ou. Jace Gladwinte.. oi) Ld avjeteane 20 
County Round-up for Boys and Girls: .2.) 225. oi) anses oeee Genesee.....% Ldlanvinecee 65 
County; Round-up for Boys and Girls). ))- 5.40.08. ecto Allegan...... caiye eee 40 


*Those persons whose names are followed by an asterisk are paid wholly by their communities. All 
others receive a portion of their salaries from the College. 
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The approximate figures for attendance given in this table for county 
round-ups indicates attendance of boys’ and girls’ club members only. 
Adults, who in most cases greatly exceed the children in number were 
not included. 
The plans for this work for the future include the following: 


1. Two new projects to be started in the fall of 1916. One is to be 
a handicraft project and the other a cow-testing project. 

2. Extension of the work to the Upper Peninsula where only four 
counties have been organized up to date. 

3. The development of volunteer resident leaders who will assist 
school teachers in supervising the work. 

4. The employment of county club leaders to be paid in part by the 
College but eventually by the county itself. This has become a neces- 
sary plan of the future for the reason that the county school commis- 
sioners and the county agriculturists do not have the time to adequately 
supervise a county that is completely organized. Whether these county 
supervisors shall be assistants to the school commissioner or to the 
county agriculturist is a problem which must soon be solved. 


From all viewpoints boys’ and girls’ club work seems to be progress- 
ing as rapidly as is consistent with the development of sentiment and 
leadership. 


REPORT OF EXTENSION WORK IN FARM CROPS. 


BY J. W. NICOLSON AND I. K. MAYSTHAD. 


With the addition of another man, making two in the Farm Crops 
Extension work, it has been possible to keep up in a measure with the 
additional demands being made for this work. Most of the old mem- 
bers of the Michigan Experiment Association have continued their co- 
operative crop tests and pedigreed seed work and an additional number 
of State members and local clubs have afflliated with the association. 
There is a present membership of 1,589,—227 of whom are state mem- 
bers, and 1,362 are distributed among 84 local clubs. 

- Practically all the members are trying out a cooperative test with an 
improved grain and some have more than one experiment. Thus, the 
1,589 members are trying out a total of 1,777 experiments as follows: 


108 tested a bushel of wheat each. 

66 tested a bushel of rye. 

178 tested a bushel of winter barley. 

18 tested a bushel of spring barley. 

753 tested a bushel of oats. 
439 one or two three-quart samples of corn. 
142 two-quart samples of beans. 

59 two-quart samples of soy beans. 

11 two-quart samples of cow peas. 
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29 small samples of alfalfa, vetch, ete. 
4 fertilizers. 


A further idea of the demand for pedigreed seed during the past year 
may be gained from the following data, which represents the orders re- 
ceived by the Secretary of the Association, Prof. V. M. Shoesmith, and 
were referred by him to the growers: 


475 ordered oats for a total of 4,573 bushels. 
13 ordered spring barley for a total of 104 bushels. 
84 ordered wheat for a total of 1,279 bushels. 
67 ordered rye for a total of 549 bushels. 


These figures do not include orders for thousands of bushels received 
and filled by the grower direct. 


SUMMARY. 


Extension schools conducted during 


the year iGnaitaic dS cohen 20 
Publies meet mes 2 ics. & dakar oieree loeiee 75 attendance 4,424 
DemonsthatiOns i262 go ethene 24 attendance 389 
Parlin: -VIStedic-och ieee face oe ee 505 


REPORT OF EXTENSION WORK IN LIVE STOCK. 


BY J. A. WALDRON. 


The Live Stock Project was the first extension project to be started 
in Michigan. In September, 1906, the Experiment Station published a 
bulletin entitled “A Plan for the Improvement of Michigan Cattle” by 
Dean R. S. Shaw, which was in part a preliminary report of animal 
breeding experiments then in progress, and in part a statement of the 
live stock situation in the State and plans for its improvement. A plan 
for cooperative breeders’ associations, known as the block system, was 
later developed, and Mr. W. F. Raven was appointed as field representa- 
tive to put it into operation, in December, 1907. Over one hundred 
breeders’ associations of various types have been organized since the 
work was inaugurated. 

Previous to July 1, 1914, the work was supported by College funds and 
was under the supervision and direction of Dean R. 8. Shaw. July 1, 
1914, this work because of its nature became a distinct project of the 
Extension Division of the Michigan Agricultural College and the United 
States Department of Agriculture, cooperating under the supervision of 
Director R. J. Baldwin. In Jan., 1916, Mr. W. F. Raven was appointed 
leader of the project with the title of Extension Specialist in Live stock. 
March 1, 1916, Mr. J. A. Waldron was appointed to aid in the carrying 
out of this project with the title of Assistant in Dairy Extension. The 
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object of the project was to aid in the improvement and development of 
the live stock interests in the State. 

The plan of the work was to help in the formation of “cooperative 
breeders’ associations” and ‘cooperative cow testing associations” in 
regions requesting aid, and which seemed suited to the development of 
such organizations; to advise with individuals where requested; to give 
instruction in extension schools; and to encourage the formation of dis- 
trict and county breed associations. 

The following is a list of the Cooperative Breeders’ Associations in 
Michigan, July 1, 1916: 


Fairview Guernsey Association. 

Climax Guernsey Association. 

Long Rapids Guernsey Association. 

Richland Guernsey Association. 

Blissfield Guernsey Association. 

Berlamont Guernsey Association. 

Onaway Guernsey Association. 

Iron River Guernsey Association. 

Leer Guernsey Association. 

Dickinson County Holstein Association. 

Ray Holstein Breeders’ Association. 

Standard Holstein Association. 

Kent City Holstein Association. 

North Hart Holstein Breeders’ Association. 
Breckenridge Holstein Breeders’ Association. 
Weare Holstein Association. 

Berecula Holstein Breeders’ Association. 
Menominee Holstein Breeders’ Association. 
Ontonagon Holstein Breeders’ Association. 
Ewen Holstein Breeders’ Association. 

Eau Claire Holstein Breeders’ Association. 
Shelby Jersey Breeders’ Association. 

Grand Traverse Jersey Association. 

Barryton Jersey Breeders’ Association. 

Jones Jersey Breeders’ Association. 

Atlas Jersey Breeders’ Association. 

Litchfield Jersey Breeders’ Association. 
Union Jersey Breeders’ Association. 
Menominee Jersey Breeders’ Association. 
Lueas Shorthorn Cattle Breeders’ Association. 
Presque Isle County Live Stock Improved Association. 
Southwestern Barry County Dairy Shorthorn Association. 
Harrisville Brown Swiss Breeders’ Association. 


The following is a list of the district or county breed associations in 
Michigan recorded July 1, 1916: 


Fremont Guernsey Association. 

Grosse Isle Guernsey Association. 

The Metropolitan Guernsey Breeders’ Association. 
Isabella County Holstein-Friesian ‘Association. 
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Lenawee County Holstein Association. 

Livingston County Holstein Association. 

Hudson Holstein Breeders’ Association. 

Mason County Holstein-Friesian Association. 

Central Michigan Holstein Breeders’ Association. 

Barry County Holstein-Friesian Association. 

Saginaw Valley Holstein-Friesian Breeders’ Association. 
Grand Traverse Holstein-Friesian Association. 

Pontiae and Eastern Michigan Holstein Breeders’ Association. 
Genesee County Holstein-Friesian Association. 
Shiawassee County Holstein-Friesian Association. 
Berrien County Holstein-Friesian Association. 
Northeastern Michigan Holstein-Friesian Association. 
Presque Isle County Holstein-Friesian Association. 
Columbia Jersey Breeders’ Association. 

Branch County Jersey Breeders’ Association. 

Central Michigan Shorthorn Breeders’ Association. 
Grand Traverse Berkshire Breeders’ Association. 
Richland Berkshire Breeders’ Association. 


The work since March 1, 1916, has consisted in giving aid to cow test- 
ing associations already in operation in the State; in helping to form 
new cow testing associations; in getting the history of some of the old 
cooperative breeders’ associations; and in assisting in the organization 
of new breeders’ associations. 

Eight of the old cooperative breeders’ associations were visited and 
the history of each organization obtained. Four of these were still in 
active operation; the other four were broken up because of unavoidable 
circumstances or having outlived their usefulness. 

In communities where the associations were in operation, marked good 
effects were noted. Without exception the cattle possessed more uni- 
formity as to breed and type. In the case of dairy cows the owners were | 
unanimous in declaring that the progeny of the association bulls were 
better producers than the foundation stock. Many members of the as- 
sociations were found who were breeding pure-bred cattle because of the 
incentive and opportunity furnished them by the cooperative breeders’ 
association. Men not belonging to the associations were found who had 
begun breeding pure-bred cattle of the same breed to which the associa- 
tion bulls belonged; thus community breeding was promoted. 

In all communities where the associations were defunct, marked good 
effects were noted. Nearly all of the original members were still breed- 
ing cattle of the same breed from which the association bulls had been 
selected, some having purchased better bulls than those owned by the 
association. The fear of the spread of contagious abortion, the natural 
distrust of one another, poor business management, and the lack of co- 
operative spirit, were the usual causes for disbandment of these associa- 
tions. One successful association had ceased operations because many 
of the members had died or sold their farms. 

The following Cooperative Cow Testing Associations were in opera- 
tion previous to January 1, 1916: 
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- Newaygo County Cooperative Cow Testing Association. 
Grand Rapids Cooperative Cow Testing Association. 
Allegan County Cooperative Cow Testing Association, No. 1. 
Allegan County Cooperative Cow Testing Association, No. 2. 


Se a 


The following new Cooperative Cow Testing Associations have been 
organized during the fiscal year: 


St. Clair County Cooperative Cow Testing Association No. 
Lenawee County Cooperative Cow Testing Association No. 
Berrien County Cooperative Cow Testing Association No. 
Berrien County Cooperative Cow Testing Association No. 
Kalamazoo County Cooperative Cow Testing Association No. 1. 
North Ottawa Cooperative Cow Testing Association. 


SoS Pel are Cian 
eee et a 


There were in all ten Cooperative Cow Testing Associations in Mich- 
igan, July 1, 1916. All of the associations had a full membership and 
were on a sound financial basis, and with the exception of the one in 
Lenawee county were in active operation. The Lenawee Association was 
organized with a man hired and ready to begin work October 1, 1916. 
There were in these ten associations 250 farmers cooperating with 3,529 
cows on test. 


REPORT OF EXTENSION WORK IN HORTICULTURE. 
BY J. H. CARMODY. 


The work of the present Extension Specialist in Horticulture began 
February 24, 1916. Prior to that time it was conducted by Mr. O. K. 
White. Since that time an effort has been made to get in touch with the 
fruit growers of the State through meetings arranged principally by the 
county agents and local horticultural societies for the purpose of de- 
termining the most urgent need of the growers. 

For the most part these meetings have consisted largely of orchard 
demonstrations conducted in the orchard with the idea that they may 
serve as models for the particular community and for interested fruit 
growers. 

In conducting this work it is the plan of the specialist to work as much 
as possible through organizations rather than individuals. So far the 
meetings have been largely held in the counties having county agents or 
in sections where there already exist local horticultural societies. The 
agent selects the farm or community where the meeting is to be held and 
the specialist directs the demonstration. In this way the greatest 
amount of good can be done for the community. Later on other sea- 
sonal demonstrations will be held from time to time so that the effects of 
the methods advocated may be observed. 

The work so far has been necessarily formative. Each community 
problem has been treated individually. Steps are being taken to work 
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out a definite and detailed plan of procedure so that all fruit organiza- 
tions throughout the State will be working along similar lines. 

In addition to working with communities where the fruit interests are 
already organized it is the plan of the specialist to work outside the reg- 
ular fruit belt and stimulate interest in other sections where fruit grow- 
ing is promising. . 

The following represents the activities of the specialist since taking 
up the work: 


Attend- 
Number. | eee 
Lectures. (eTOUDA, ASSOCIAHONS tes). cr telpere oie aap hee viens Ggean eos > aie ee | 17 1,085 
Demonstrations (pruning, spraying, €tC.)...-.. 2.2... 62. ee eee eee esses 51 | 658 
Farm. visits (inspections#etea oe oes on eee eaten eek tS Serra LOZ tf iy: cve steve ee 
Days.actually ‘devoted to Held worker. 203). yd Fics oki chaustaarelers oy stele oleate 83 |... eee ewes 


Total attendances: 6 665°152.20..0 oss ce Res cere eee ee Do Pe ID eee 1,743 


REPORT OF EXTENSION WORK WITH POTATOES AND 
VEGETABLES. 


BY.C. Wie WALD: 


Potatoes: The extension work with potatoes consists of an organized 
and cooperative effort to improve conditions connected with the growing 
and handling of the potato crop in Michigan. The State Potato Asso- 
ciation is being used as a means of organizing the growers. The local 
organizations formed previous to June 30, 1915, have in most gases been | 
continued and a few new local associations have been formed. 

The work during the year has been carried on almost entirely in co- 
operation with county agents. The large increase in the number of 
county agents has extended the work to so many counties that the Ex- 
tension Specialists were obliged to confine their work very largely to 
those counties. The work can also be done much more efficiently where 
county agents are employed. The following lines of work are being em- 
phasized : 

Standardization of Varieties: One of the vital needs in Michigan is 
fewer varieties of potatoes. To meet this need the members of local or- 
ganizations are urged to select and grow one variety in a community. 
Some of the organizations have taken this step and others will before 
another season. 

Seed Treatment: Many more growers treated their seed potatoes in 
the spring of 1916 than heretofore as a result of the encouragement they 
received through this work. ( 

_ Seed Inspection and Selection: The field inspection work was car- 
ried on in 1916 much the same ag in 1915 except that the work of the Ex- 
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tension Specialists was confined to one field in each important potato 
growing community in a county. The county agents, however, extended 
this inspection work as far as their time would permit. Nearby growers 
were invited to be present when the Specialists inspected the potatoes. 
In this way a large number of growers were informed as to this method 
of seed improvement, and also as to the general plans for the betterment 
of the potato crop. Emphasis has been placed at these meetings on 
identification of diseases and methods of control together with hill se- 
lection of potatoes for seed purposes. 

Publications: The following extension bulletins have been prepared 
and published during the year: 


Bulletin No. 3 Some Seed Potato Questions Answered. 

Bulletin No. 4: The Home Vegetable Garden. 

Bulletin No. 5: Standardization and Group Classification of Po- 
tato Varieties for Michigan. 


Other publications have been prepared but not printed. 

The Market Growers’ Journal has continued as the official organ of 
the National and State Potato Associations. All members of the State 
Association receive each issue of the journal, and the members of the 
affiliated local associations receive the six special potato numbers. This 
has proven a cheap and efficient way of reaching the association mem- 
bers with information relative to the work. 

Meetings: The Michigan State Potato Association held a joint meet- 
ing and show with the National Potato Association at Grand Rapids, 
December 1, 2, 3, 1915. The show and program were excellent. The at- 
tendance from outside the State was very good, but Michigan growers 
did not attend in large numbers. Many more local meetings have been 
held during the past than the previous year. 

Demonstrations: The following demonstrations have been made in 
some of the counties and in the future this phase of the work will be em- 
phasized : 


(1) Hill selection of tubers for seed. 

(2) The tuber unit method of seed selection. 

(3) Greening or green sprouting of the tubers. 

(4) Seed treatment for scab and black scurf (rhizactonia). 

(5) Close planting on productive soil to increase yield and reduce 
the percentage of oversized potatoes. 

(6) Spraying with Bordeaux to prevent blight. 


Vegetables: A State Vegetable Growers’ Association was organized 
at Grand Rapids, December 4, 1915. The Extension Specialist has at- 
tended several meetings of vegetable growers but the work has of neces- 
sity, because of limited time, been largely of personal visitation to green- 
houses and gardens. Communities in which several greenhouses or gar- 
dens, or both, are located, are given most frequent visits. Many men 
have been helped out of difficulties and the work apparently has been 
appreciated. 

Correspondence: The correspondence in connection with this work 

13 
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has become very heavy. Special provision must be made to take care of 
this part of the work. 


SUMMARY. 
Attend- 
| Number anes, 
olde attended! during the years)... 8c antacctarhcteve sleet cetera ue ieee tee 64 3,326 
Personal ‘visits'and, inspections. .32 5 fo. ss.necs on eee ae eee beret 254... 5 bee 


REPORT OF THE WORK OF EXTENSION SPECIALISTS IN THE 
UPPER PENINSULA. 


BY W. F. RAVEN. 


Live Stock: The following live stock breeders’ associations were or- 
ganized during the year 1915-16 and were given assistance in securing 
desirable sires: 


Member- | Number 
sires. 


ship 

Daggett Holstein Association 75 <6 mc.e; oye e > euetehsroueln' vino) (0,eu0: siebcsists @ bialeis itelos 50 14 
Stephenson: Holstein Association’... Fo. 2. 5tee. sais cei ae > Pur ee ee 20 4 
Lake Superior, Guernsey Association: os. onal actos sarin ec en tee cheer 36 5 
Republic'Guernsey, Association. 9.5 ceive « sail ocrerate.s cheese os aie nee eee 13 3 
Metropolitan Guernsey: Association << <.)5)5: 3 <.01<c)eie aye -c'e in we whol) sale ae cle siolwia Shae 16 3 

otal (D) sein. w cloa ek ae ccctareteret aoe orto aera tans lta te Siete Stein oP sane 135 29 
Number pure bred sires placed outside of association...............0ceeceecescetceees 42 

Total pure bred sires placed (during “year... 2/<.\cl sjctv a «eteletere ciateleis'e eloceloistererer eietel nee 71 
Demonstrations in cattle judging at various county and township fairs.................. i2 


Demonstrations in crops were held at Rexford, Shingleton, Rumley, 
Marquette and Sidnaw. 

During the time from March 27 to April 25th our Extension Specialists 
conducted a Pure Seed Demonstration Train over the Duluth South 
Shore & Atlantic, Munising, Marquette & Southeastern, Chicago & 
Northwestern, and Minneapolis, St. Paul and Sault Ste. Marie Railways, 
with an attendance of over 8,000, two-thirds of whom were farmers. The 
object of this form of extension work was to get the farmers to sow well 
cleaned seed. 

This is the second time that such a train has been run for the purpose 
mentioned. Reports from the demonstration train run in the spring of 
1915 were that the clean seed produced from ten to twenty-six more 
bushels per acre than seed that was not cleaned. This effort will be fol- 
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_ lowed by trying to get the farmer, after he sows only clean seed, to sow 
pure varieties of all grains. — 


Following is a list of places visited : = 
Attend- Attend- 
ance. ance 
UGE) tlw =e 0 ae ORAS ROR ALS Siac meee 60> Montreal sedeee etctne saree ace Silat ese 60 
CSOT Fai d Se CCIE et oo ee (Om SBerelanGe cit tects clecliste atetertercete steel 100 
SE MGEUIS ters gece oo icka ree, saat inl ote aetoevoferns c 40} | “LODaZsitetes Sie sek le pine teks Bs ities 125 
IPA CING Se ne oot dorsieiaie cine atoinye fetolete eves U7 = | WOIUS Ae) iaro.c sic) niece etetereeeare ape aa tere tape lene 160 
OUI EY nee scrercla che haere oe civicte ei oheaalne 70° |cBruce-Crossingnas.ccst cen ae ee 100 
DWV AIEEE BED AIG vratsrec sce ahs erates oie stores. oNer eve. cee: ats 1OOs | PayTesville toy. ya csstayays ie ci © onze eke ererene 200 
ee Me Cuaneiat selves Deh auexe ath ent Pekar teyers U5 w lwAGCatesct ics) s cel oe cece te eerie etree 95 
See ORO On ACID TORO OF MTORR 125 TRAE Onc, ee eee 125 
one VERTIS STs cysteine ake toe ticker a arere eens QO wl Ken tOM soy s5;0 cick ebatatevee Melee octet ee ke 200 
ASRS GI Pea vee cvctove st citotarsiate inne aterouaserticnevelerevele Sow LSIGUVAW. ssshe's eiste savoe ia eee wratooien eee 75 
ENS PICPEULV GF ecole < suosacs EN sies ore ote Sie a SOM WVALLOD ] ciate ae sic tle case alse Shake oroete 125 
OBL yi aCe ee aa Bg ee oe ee eee SO= | COVINEtOW Aacrasc cero tre sisto crs Mat asie.s rae 250 
PEG OD a iovai ctaketare ara oeore tae te Getic: ole lovate "ec DOB UNISlaier te stacke cis blot ele sve «s-cerarr eet 150 
RTMIVOSS eet ee cihaen oreaie one aiete eters Sarena ae On| POI Gras cstaecteteraloce Ore aitinnere. a Susrace ee eats 250 
PONG YANG e rey aye cererners'e a's o/u sive erateva omar QOPI BEN RITG 5 Soler esctocrc eo ohc eaoiee sc eee 30 
Brypuls Se BER ROC oe a. oe Soe GO* |p HASSEN, er ove ore catsl oceueradiars Scale) otevs.cusverlers 50 
Elty el OP re Fee TS. eeche a erelodicte piece see ASE NE ATMACTIN Oe ictct or, cc Sen eke eae antes rere 27 
Bark MBE VGT Porotaretoteccteiet nous, avlass @ ciate raters TIO Weweenaw Bayi ircts coc oe cm een 100 
BVVRISO TIER oe Sayers cova sie e elev eae e anes es CS A SBALACAs osc. acral alestin anstctaohe Mtope ehoweee eae es 200 
WGA Uri ete A Pic Ok. olor Pale nic lorenets aieke PORN TATISC ates a ceeeis ale Stas oie oak eds 125 
CBU CVic reste: Fac Scte oe Sis eS a opere ell oe es OS P50 ELST ails Sater rass teers oaks eevee tere ere 50 
NWASCCLE SR clos ic ceks SO oe oon Sato ecae SOOM WMichivamime tren. = wetok cote ce ete Heater. 200 
SEC DUCHSDE cy cli is ss a) oiniscetreais care earns 190 |S @hamplonec cic ciereteiake ie ern cial a eer ores 175 
NNT US et ke ere ne eer eenteo s.r ine wie ste covevere eee HOOF EC lankspuUrer- sa 0. sy conse siaynne A aee ee 65 
VA CORE as SF ee iehs c wrraiceed themed ooniee & 200h|NMGNMlan Rais. chistes ition oe ne 200 
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The work of the Potato Specialist and of the county agents on po- 
tatoes has been very gratifying. Fully fifty per cent of the growers are 
attempting to standardize the varieties and at many shipping points not 
more than three varieties of potatoes are grown. . 

Farmers’ Institutes were held in Marquette, Alger, Chippewa, Delta, 
Irion, Menominee, Dickinson, Gogebic, Houghton and Ontonagon coun- 
ties, under the supervision of the Extension Specialists and county 
agents. 

Through the efforts of our extension workers the Cloverland Potato 
Congress was held in Marquette with a splendid attendance of potato 
growers from every county in the Upper Peninsula. 

Two conferences of the county agents in the Upper Peninsula were 
held during the year; one at Marquette, July 12-13, 1915; one at Crystal 
Falls, October 13-14, 1915. 

Three counties have organized Farm Bureaus and employed county 
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agents, viz., Ontonagon, Schooleraft and Menominee, in addition to 
Iron, Houghton, Gogebic, Marquette, Dickinson and Ontonagon. 


SUMMARY. 
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REPORT OF EXTENSION WORK IN FARM MANAGEMENT 
DEMONSTRATIONS. 


BY C. P. REED. 


This branch of the Extension work has been continued along the same 
lines as last year and has been found extremely helpful to those county 
agents who have continued the project for two years in one locality. 

When an agent desires this work as a part of his year’s program, from 
fifty to one hundred farmers are visited in an area selected as being rep- 
resentative of a large portion of the county. These farmers are visited 
at their farms, a complete report of their farm business for one year is 
secured, and they are encouraged to cooperate with the College and the 
U.S. Department of Agriculture in a study of the economic side of farm 
business. Each farmer who thus gives his “farm record” is furnished a 
report which shows him what the farm paid for his year’s work. If his 
labor income is not satisfactory, he is shown by comparison with suc- 
cessful farms in the area what efficiency factors on his farm are below 
par. The county agent then encourages and assists him in taking the 
steps to improve his situation which the analysis suggests as being the 
most needed. 

The farmers are also encouraged to make a systematic study of their 
own business with our assistance and guidance. To this end a simple ac- 
count book has been devised which is placed in their hands and such 
personal assistance given them by the county agent as seems to be nee- 
essary to insure a complete and reliable record of the year’s business. 
These books have been furnished on request to all county agents, and 
by this means a much larger number of farmers are reached under com- 
petent local leadership than is possible by the field survey method alone 
as followed last year. 

The first year’s demonstration has been completed in Branch, Iron, 
Kent and Wexford counties; the second year’s demonstration has been 
completed in Alpena and Newaygo counties, and is now in progress in 
Branch and Saginaw counties. In addition to the field meetings held 
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in the areas where the work is in progress a number of Farm Bureau 
meetings have been addressed in other counties and also a limited 
amount of instruction has been given to short course students at the 
College. In all cases where the purposes and methods of work have 
been presented at meetings of County Farm Bureau a unanimous yote 
in favor of the work has passed with the understanding that it be 
started in the county at as early a date as possible. More counties are 
now on the waiting list than it seems possible to assist in the coming 
year. 


The following table gives a summary of the past years’ work: 


Records taken. Records returned. 
Farmers 
County. . Meetings | Attend- using 
held. | ance. account 
1st yr. 2d yr. By letter. In person. books 
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REPORT OF EXTENSION WORK IN ENTOMOLOGY. 


BY DON B. WHELAN. 


The Extension Specialist in Entomology divides his work between the 
Extension work and the College. During the past year sixty per cent of 
the time has been given to the Extension work. The work done may be 
divided as follows: 

(1) Advice and aid in combating insect pests with demonstrations 
for their control. Most of the work was confined to the southern halt 
of the Lower Peninsula. The work done was in. response to requests ask- 
ing for aid and for advice. Visits were made to 125 farms and homes, 
demonstrations being held in about half of them. Probably the most 
serious outbreak was that of the bean-maggot which occurred during the 
first part of July. This outbreak was worst in Huron, Tuscola, Sanilac, 
Saginaw, Gratiot, and Eaton counties. The latter part of July was oc- 
cupied in work on the Hessian Fly which seemed to be worst in the 
southern part of the State. The white grub was also a very serious pest 
in some parts of the State. The specialist confined some of his time to 
the subject of mill and stored-grain insects. He hopes to do still more 
along this line in the future. 

(2) Visiting and aiding the County Agricultural Agents. A point 
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was made to visit and aid as many of the county agents as possible. The 
help took the form of demonstrations for insect control or looking up re- 
ported outbreaks of some pest. 

(3) Leeturing at Extension Schools. Sixteen lectures were given at 
various schools with an average attendance of twenty-nine. The follow- 
ing lectures were given: “Garden Insects and Their Control,” “Fruit 
Insects and Their Control,’ “Farm Crop Insects and Their Control,” and 
“Insects Affecting Domestic Animals and Methods of Control.” The 
farmers appeared to be very much interested in these subjects as little 
has been given along this line heretofore. The lecture on “Garden and 
Field Crop Insects” seemed to be the most in demand. 

(44) Lectures at granges and other meetings. A lecture was given 
before the Fairfield Grange, Ridgeville, and one before the Farmers’ Club 
at South Riley. Also an illustrated lecture was given before the De- 
troit Market Growers’ Association. All of these were of a general nature 
on their regular program. 

(5) Attendance at State and County Fairs. At the West Michigan 
State Fair the Extension Specialist was in charge of the exhibits from 
the Departments of Entomology and Botany. The Entomology exhibit 
was composed of mounts of various insects of economic importance show- 
ing the various stages of the insect and its work. The nature of the 
work, time of its appearance and control measures were explained to 
visitors. 

At the Van Buren County Fair and the Benton Harbor Fruit Festival 
the Specialist in Entomology had charge of the entire College exhibit. 


REPORT OF EXTENSION WORK IN HOUSEHOLD 
ENGINEERING. 


BY O. E. ROBEY. 


Active work on this project was started May 1, 1915. It has been 
the aim during the past year to determine just what is most needed in 
the home and how these needs can be supplied. 

The object of this work is to encourage better household conveniences 
in the farm homes of Michigan, especially water and sewage disposal 
systems. 

An effort has been made to find out the actual conditions existing in 
the farm homes of Michigan with regard to water supply and sewage 
disposal conveniences. While no accurate data has been colleeted it 
would seem from general observation that ninety per cent of the farm 
homes still lack adequate conveniences, and it is plainly evident that 
some encouragement should be given to the installation of water supply 
systems. We find that the majority of homes are supplied with some 
little mechanical devices for relieving the housewife of petty cares, but 
a convenient water supply is still the great problem. The reason for 
this seems to be that the sale of mechanical devices has been pushed by 
advertising and by agents, while no concerted efforts have been made 
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to sell water systems. In fact in many places it has been found that 
plumbers are loathe to get out into the country and do the work. 

The work has been conducted largely in cooperation with county 
agents. It has, however, been carried on in a number of counties that 
do not employ a county agent. This Extension work has consisted of— 


Demonstrations. 

Personal assistance. 

Advice. 

General plans. 

Special plans. 

One-week schools and lectures. 


SoU Oo ho 


Demonstrations: Demonstrations have been held in eleven counties, 
viz., Barry, Ingham, St. Clair, St. Joseph, Sanilac, Huron, Clinton, 
Eaton, Shiawassee, Emmet and Allegan. These demonstrations con- 
sisted of giving assistance in the construction of water and sewage dis- 
posal systems suitable for the individual farmer’s needs. The aim has 
been to establish these demonstrational outfits in various parts of the 
counties so that they can be pointed out by the county agents as ex- 
amples for that particular section. At some of the demonstrations, 
neighborhood meetings have been held; at others the neighborhood has 
been informed that the work was going on, and have come individually 
to see it. It has been found that the effects of a demonstration may not 
be felt at once in the neighborhood. In the one or two instances where 
outfits have been established over a year we have found that there has 
since been a number of similar systems installed. 

Personal Assistance. Personal assistance has been given in many 
cases where farmers wish to undertake the work themselves. 

Advice. Advice has been given to a large number of people upon the 
possibilities of an installation, or upon the selection of proper equipment, 
and such information has been very well received. Advice has also been 
supplied by letter to a large number of people. To assist in supplying 
this information two bulletins have been prepared—one on “Plumbing 
Suggestions,” one on “Septic Tank Construction,” and a third on “Water 
Supply Systems” is under preparation. The early publication of these 
bulletins would greatly assist in the work. 

General Plans. During the spring and autumn months there has been 
a large number of requests for septic tank plans. A general plan has 
been prepared to meet this demand. 

Special Plans. Many requests have been received for special plans on 
arrangement of water supply apparatus, plumbing fixtures, kitchen ar- 
rangement, etc. An endeavor has been made to supply these plans when- 
ever it seemed practical to do so direct from this office followed by an ex- 
planatory letter giving the information in detail. 

One-Week Schools. From December 13, 1915, until February 25, 1916, 
the work was carried on by means of demonstrational lectures at the 
one-week schools. Four lectures were given at each school, the aim being 
to cover two schools a week. This same line of work was con- 
tinued through the “Round-up” at the College. During this time 18 
schools were attended and about 1,300 people were present at the lect- 
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ures. Lectures were given before granges and farmers’ clubs whenever 
there was an opportunity. 


SUMMARY. 
Demonstrations® hel -+.iex-c vine eet eee 30 
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Advice furnished, 2333.42.23 ae 156 


Recommendations. Judging from observation, the lack of conveni- 
ences in the homes is not due to the farmers’ opposition to them, but be- 
cause either he does not know that such things are possible, or because 
he has not had these advantages forcefully brought to his attention. It 
is not always a question of money. A man who can afford an automobile 
can well afford a water system—even an elaborate one. Yet we find the 
automobile has been bought many times before the water system, merely 
because the manufacturer has created the desire through his salesman- 
ship or advertising. 

It would seem that one of the greatest needs is more publicity. An at- 
tempt should be made to create a desire for more convenient homes and at 
the same time to disseminate as much information as possible on methods 
of securing them. 


REPORT OF THE MICHIGAN DIRECTOR OF MARKETS. 


BY JAMES N. MC BRIDE. 


This work under the statute dates from November Ist, 1915. Prior to 
this time service was rendered in a preliminary way under the immediate 
direction of the Extension division, with intermittent employment in 
connection with the organization of the Michigan Bean Growers. 

The cordial cooperation of the elevator operators and bean growers has 
demonstrated the interrelation of production and distribution. 

The Michigan bean market was started for the crop of 1915 on a much 
higher basis than in most of the other states and on an economic food 
value basis that in price approximated the relation of the crop to the de- 
mand. Growers are now fully advised of the size of the crop and the 
general demand. Conservative marketing instead of dumping at the 
time of threshing has been made a practice. The Federal Bureau of Mar- 
kets has complimented this office on these established relations in the 
distribution of the bean crop. The actual gain to the grower can best be 
estimated by the increased starting price of fifty cents per bushel for 
Michigan beans, as compared with that in states where no organization 
existed. . 


DEPARTMENT REPORTS. 105 


The Michigan Milk Producers’ Association was formed at the College, 
May 23d, as a direct result of this department’s activity. The organiza- 
tion was formed at a meeting attended by nearly 500 milk producers from 
44 dairy centers of southern Michigan. One hundred producers became 
charter members and contributed $500 to the organization fund. Since 
the initial meeting this department has had frequent conferences with 
the officers of the state association and has helped to elaborate plans for 
putting a field secretary at work and for organizing locals in all milk 
producting sections, after plans proposed by the Federal Office of Mar- 
kets, and rural organizations. 

Early in the crop season of 1916 thie fruit growers in the Michigan 
grape belt called upon this department for aid in forming a federation 
which would reduce the amount of competition among local marketing 
associations. Five conferences have been held and a general program 
elaborated which, it is believed, will result in a strong central organiza- 
tion that will direct grape marketing so that both producer and con- 
sumer will profit. 

Aid has been rendered the live stock shippers of the State by laying 
before transportation officials and members of the State Railroad Com- 
mission, vital facts bearing upon the handling and shipping of Michigan 
live stock. Conditions at the Michigan Central yards have been im- 
proved. 

Grading rules and regulations from different parts of the country and 
for different products have been collected, that the information may be 
at hand, and can be used as a basis for the standardization of Michigan 
farm crops. A tentative set of rules for peaches has been prepared and is 
the subject of conferences with the peach growers of the State. 

Under the statute 74 agricultural meetings and conferences of those 
interested in cooperating market organizations have been attended. 

Five formal bulletins have been issued. The topics covered in these 
were: 

(1) The Bean Outlook; (2) The Wool Market; and (38) Suggestions 
for Forming Milk Producers’ Associations. 

Four circular letters have been mailed to producers; and seven news- 
letters to the newspapers of the State; and more than a thousand per- 
sonal letters have been written. 

Mailing lists for the different projects taken up have been compiled, 
and other lists for projects soon to be taken on, are under way. 

Beginning May 1, 1916, the appointment of Mr. R. H. Elsworth was 
made, as Assistant to the Director of Markets. His experience in pub- 
licity matters and services in cooperative marketing are valuable to the 
office. . 

That the Federal Office of Markets is recommending the general plan 
of the Michigan statute in state and federal agencies of agriculture, is 
a strong approval of the plan of the legislative act creating this office. 

The total ex Dense of the office of the Director of Markets for the past 
fiscal year was $2,521.84. The items making up the amount are: 
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Salaries, 6 end te vsrcaren o! caehohra pier Hea eee $1,773 00 
Labor is cesses ae athe tena ats aptly obs site aa 2 63 
Puablicatro mae eis. kleivtet a ehslaals ce bere warden 10 25 
Stationery and small printing .............. 36 43 
ROBUARE f65 55:5 iss) ciwie 's oreldin es sR se mare e er oe 64 92 
Breichtand. : expensesis sh. a <:st> oispoteks leks ast brestet 89 
Rurnihure! and, fixtures piss Fees paeyeieie sete te 65 94 
Traveling .expenses/io5..eizie ds Gee wwe she 567 78 


The projects undertaken for the year 1916-17 are as follows: 

(1) Outline, in cooperation with the Federal Office of Markets, ar- 
ticles of association and by-laws for standard cooperative marketing as- 
sociations, and urge existing associations to change their form of or- 
ganization so as to conform to the standards. 

(2) Promote cooperative associations in those communities where 
such organizations can render economic service. 

(53) Bring about the federation of associations marketing similar 
products. 

(4) Aid in the organization of local milk producers’ associations 
which shall become subsidiary to the state association. 

(5) Work out the details for the standardization of Michigan farm 
crops and get uniform standards as to grades into common use either 
by means of an inspection system or by legislation, or by both. 

(6) Work out the details for uniform systems of accounting for the 
different types of associations and take steps directed toward securing 
the adoption by the local associations of such systems; devise a work- 
able plan for the auditing of the accounts of the local associations. 

(7) Suggest and outline campaigns for the advertisement of seed po- 
tatoes, peaches, northern grown cherries, quality apples, and such other 
products as lend themselves to advertising and can be advertised at a 
profit. 

(8) Promote direct marketing where there is probability of its prov- 
ing a financial success. 
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REPORT OF SUPERINTENDENT OF FARMERS’ INSTITUTES. 


BY, -L. Re TANT. 


In accordance with the requirements of the law under which the Agri- 
cultural College conducts its farmers’ institutes, county institutes were 
held in all counties in which they were requested by the officers of the 
county institute societies. This included all counties in the Lower Pen- 
insula, and ten counties in the Upper Peninsula, making seventy-eight 
counties in which institutes were held. In addition to this, the same ten 
counties in the Upper Peninsula, and all but four in the Lower Peninsula 
were provided with speakers for a number of one-day institutes. While 
in a few counties only one to five institutes were held, in many it ranged 
from five to ten, and in others the number was from fifteen to nineteen. 

The same general plan of arranging and planning the institutes was 
followed as in previous years, the local arrangements and the advertis- 
ing of the institutes being left with the officers of the county institute 
societies with a local manager at each point. In counties having county 
farm agents, they acted as general managers in perfecting the arrange- 
ments for the institutes. In the Upper Peninsula, the general arrange- 
ments were looked after by Mr. W. F. Raven, who was in charge of the 
College Extension work in that part of the State. 

Several of the regular force of institute lecturers having taken up 
work as county agents, or in other lines which prevented their giving 
much time to farmers’ institutes, it hecame necessary to make numerous 
additions to the corps of institute lecturers, and we were fortunate in 
securing a number who did excellent work. 

In counties having county agents arrangements were made to furnish 
one state speaker in addition to the county agent, and a series of ex- 
changes were arranged by which the county agents would spend a num- 
ber of days at institutes in other counties. This aided materially not 
only in reducing the cost of the institutes, thus making it possible to in- 
crease the number that could be held, but it secured as lecturers a num- 
ber of men who had been upon the force for several years, and others 
whose observations in the field, in connection with the cooperative work 
carried on by them during the year, afforded them a store of practical 
information which they were able to use to the very best advantage at 
the institutes attended by them. 

In the past the benefits derived from the institutes have been lessened 
by the fact that however strong an impression may have been made by 
the speakers at the institutes, comparatively few of the farmers present 
put the suggestions made by the speakers into practice. This objection 
the county agent can overcome as he will be able to inaugurate a sys- 
tem of “follow up” work. Not only can he induce one or more farmers 
in each locality to carry on a series of soil, crop or live-stock demonstra- 
tions, but by working with and aiding them he will be able to see that 
they are carried on under proper conditions. The institutes’ will also 
provide for county agents a most excellent opportunity for interesting 
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the farmers in the work he is doing for them, and in cooperative demon- 
stration work in the various localities. 


ATTENDANCE AND INTEREST. 


Especially during December and January the inclement weather 
greatly reduced the attendance at the institutes. There were several se- 
vere snow and sleet storms, and on a number of days the roads and walks 
were really unsafe on account of a coating of ice. 

During the same period there was much sickness and many deaths 
which not only kept many from attending the institutes, but when the 
sickness was in the families of the local managers it prevented them 
from completing the arrangements for and advertising the institutes. 

Despite these drawbacks the attendance at a large proportion of the 
institutes exceeded that of former years so that the general average is 
very satisfactory. 

The topies which received special attention were: Soil renovation; seed 
selection; growing alfalfa and other legumes; dairying; fruit culture; 
poultry raising; stock feeding; and home economics. In many sections 
where such special crops as potatoes, sugar beets, beans, soy beans, etc., 
are grown, the culture of these was given a prominent place on the pro- 
gram. Among other topics receiving attention were: Land drainage; us- 
ing concrete on the farm; commercial fertilizers; and marketing. 

An endeavor was made to so arrange the topics that at each session 
the subjects considered bore a <lose relation to each other and often- 
times, although the program showed that a half dozen topics were dis- 
cussed, they were so closely related that they virtually constituted one 
general topic. 

Since the close of the institute season it has been observed in many 
sections that quite a number of the matters discussed at the institutes 
have been taken up and put into actual practice by many of those in at- 
tendance. 

For the evening sessions especial attention was given to topics relat- 
ing to the home and home grounds; sanitation; community building; 
rural education; and an explanation of the work of the Agricultural 
College for farmers. As compared with ten years ago a very marked 
change is noticeable in the views of farmers throughout the State toward 
the Agricultural College and its work, and nothing has been more in- 
strumental in bringing this about than farmers’ institutes. 

In addition to the work done by the regular lecturers and the county 
agents, representatives of several of the College departments attended 
from one to ten or more institutes and thus gave the farmers entirely 
new ideas regarding the practical nature of the instruction furnished by 
the College faculty to the students and also afforded an opportunity for 
the College men to learn the needs of the farmers. 

As in former years, many of the county commissioners of schools 
took much interest in the institutes, and either took a place upon the 
program themselves or furnished a speaker upon some educational topic 
for the evening session. 
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THE WOMEN’S CONGRESS. 


Owing in a large degree to the demonstrations in domestic science pro- 
vided for the women’s congresses there was a considerable increase in the 
number of institutes having a women’s section, and numerous requests 
have been received for similar demonstrations at the one-day institutes. 

At these meetings, in order to secure uniformity and lessen the dan- 
ger of repetition the same topics were used for all the meetings. “The 
Principles and Methods of Vegetable Cookery,’ was assigned to the 
State speakers and “Saving Steps and Strength in the Home” was used 
by the local speakers at most of the institutes. Much interest was shown, 
many questions were asked, and notes were freely taken. 

At a few institutes, by special request, “Home Nursing,’ 
hold Sanitation” was the topic used. 


s 


or ‘“House- 


FARMERS’ WEEK. 


The first week in March was set aside for Farmers’ Week at the Agri- 
cultural College. 

The courses were on the same lines as in previous years. In coopera- 
tion with the State Highway department a Highway School intended 
particularly for highway commissioners was held for two days, with a 
good attendance. 

The usual Country Life Conference was also held during the week, 
with several speakers from abroad. The different departments were also 
assisted by outside lecturers, among whom were Prof. C. G. Williams 
of the Ohio Experiment Station, who aided the Farm Crops department ; 
Mr. W. H. Card, of Connecticut, who spent the entire week with the 
Poultry department; Dr. H. J. Wheeler, of Boston, also gave an ad- 
dress upon “Liming the Soil.” 

In several departments the work very largely took the form of demon- 
strations and much interest was shown. 

The attendance reached about one thousand with even more present at 
some of the evening sessions. While many came for the entire week a 
large proportion of those from the vicinity of Lansing, who made up a 
majority of those in attendance, only came for one or two days. 


ACKNOWLEDGMENTS. 


Aside from the work done by the regular institute lecture force, Col- 
lege faculty and county agents, speakers were also furnished by several 
State institutions and commissions. 

As usual the State Highway department gave its hearty cooperation, 
as did the State Historical Society, and the State Board of Health. Sec- 
retary John I. Gibson of the Western Michigan Development Bureau 
gave a very interesting illustrated address at several institutes. 

The American Portland Cement Manufacturers, Middle West Soil Im- 
provement Committee, and the Kentucky Tobacco Products Company, 
also furnished speakers for two weeks each to discuss, “Using Concrete 
on the Farm;” “Handling the Soil;” and “The Control of Plant Lice,” 
respectively. The topics were presented with the idea of furnishing up- 
to-date information upon the various subjects, and no attempt was made 
to directly advertise or take orders for any of the materials represented. 
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Officers of County Institute Societies, 1916-17. 


County. President. Adaress. Secretary. Address. 
AlOON 2 5.520 ecco John McIntyre........| Harrisville.............. Frank LaChapelle..... Harrisville. 
Alpena. seems C. A. Gogarn......... | MUMIsIn eae eee eee Win: Clarkseers. secre Wetmore. 
Al Nepsin 400). s scisrateiee brs eet WALL AMS ore terctes Allegantss si. saiete sronieehte C. L. Goodrich........ Allegan. 
Alpena.ccesegaeee oss C. E. VanWagoner....} Alpena, R. 2............ JW AC Eg LI ees Leer. 
Antrim’: figsc si tras. Jacob Winters........ KRewadin’ 1. cacwtten Mrs. Jacob Winters....| Kewadin. 
JATEDAO. circ ese ers vee Albert Christy........ Sterling WRels aacceecee GaWe Cassidyin a heee Standish. 
Baraga eater fears: ChasJHAndersonw.: || DeAnsels ny ee ueuneiee J. C. Crebassa Keweenaw Bay. 
SHIT Metete ital, trove states Fred E. Otis.......... Shulias act. c eres R. G. Brumm.........| Nashville, R. 1. 
SAUNA Pie eth iste «loiter John Smith........... Munger Harry Horton......... Munger. 
enmemter «seston sant John B. Betts......... Benzonia Jay Robotham........ Beulah. 
IBPITICN ES. eine, se oeeee est Harry L. Young....... leUND ester tee teree ott coke tarot Adolph Knott......... Niles. 
ISVANUN feo siete sears nieces Linas Taylor.......... Reading ..| Frank Demerest....... Coldwater, 
@alhoune seus eeeen. Frank Munger. .. Battle Creek RayCookjine.4.aee ee Eckford. 
i DF Hedingallan. yas. rll) Charlevory We dns en seen HL. Barntm:. 2 eeeee Tronton. 
RaWertain-ssseoene lCassopolis:t. .cc+ee emcees Alfred George......... Cassopolis. 
Cheboygan............ DE EGAN Ge 595 sbonbe Wolverine! ies seca Frank J. Scott........ Wolverine. 
eee: i Me Brimley: 53 cenaes cee Ed. H. Wyatt......... Rudyard. 
BEANS Keak Abide Groi| (htt era ctalenaare wre yeta ge te bev era elinie niecdi oreveleveese/ele etale/eletoversis' l/s ahevaroyelas terete Ge rete ete | Mae 
Clmtoriveeriesiccnccee : Ovideess ek een ee Jerry H. Hubbard..... Ovid. 
Crawford Roscommon............ Chas. Corwin......... Roscommon, R. 1. 
IDTV 2 hs Bee Seer : BArkRiverance ee senee F. L. Baldwin......... Escanaba. 
Dickinson i INOKWAYas..ciaobem: aoe cs Cove Ballard’ ese Tron Mountain. 
avon eee ooo cette sc Wieebisliale scarica: | Eaton Rapids........... WelGaritithiesene cee Charlotte. 
imimete citar cei va Adolph Grauel........ Harbor Springs.......... Geo: \Cooka.b.4540e Harbor Springs. 
Genesee sGcccecn soeses Collins Boomer. ...... MliIntyRAS ese esheets: G. Blackington........ Flint, R. 5. 
Gladwithiec estes. ne A. B. Schlichter....... Gladwinss. 2s jeiees CiEcWalte-.-. eee Gladwin. 
GOgepieoecas casatee S28: 1Curry-saecenacen| TTONWOOU nee cee ease ee Thomas Buttson...... Tronwood. 
Grand Traverse....... Jab yone Ses. eee Williamsburg........... BOF diadd a rctrnee eee Old Mission. 
Gratlohep mcr ma nse ewe Frank McLean........ Splbovich.Saos neers Ge JoBoMuUleracc. ct seee Ithaca. 
Hillsdalescce ss. aatre. st BC ASupp eect oe Hillsdales nesses. oe Dr. A. Z. Nichols...... Pittsford. 
Houghton. cee. = David Leveque........ Lake Linden............ Sydney Odgers........ Laurium. 
Murone ese sohsene oes John §. Gilbert........ | Harbor Beach........... Jamesi lodge p ree Bad Axe. 
MMO HAM ore ees ks ce Wictorisitteee eases Masonite. seeetccenen W. H. Freshour....... Mason. 
LOA Aso ase tars oe cra Chas. T. Lockwood....| Portland:.............. Veryil Tylers: jase Portland. 
TOSCO Meee rotons Wm. Latter........... | Whittemore, R. 2........ J. A. Campbell........ Tawas City. 
ARON se tha wie eel es Charles Rogers........ Crystal Falls............ Jens P. Peterson....... Tron River. 
Isabellasa.css2.0de occ E. W. Woodruff....... Mt. Pleasant............ PSPsiPopest cease Mt. Pleasant, R. 3. 
VACKSOD Rye teen eons dis dse \WSTAIS e Sae VECKSOT Val Oneyaeieisenven We We Mciaints..o2-- Jackson. 
Kalamazoo............ Werk pmiith=ny eee Kalamazooms cscenen ccc Harold Brickman... ... Kalamazoo. 
Kalkaskai sts. .1.ahenys 2 BA. Dowling, eine Williamsburg........... TF. E. Jenkins......... Kalkaska. 
Keriteee pion ce aesaelle Wainy Olivers eee Grand Rapids, R. 2.. C. Hunsberger........ Grand Rapids, R. 9. 
Thaker ee atte \ec's cictomtels AG Tie anette. e Chases! tate aes Chas. A. Steger....... Chase, R. 1. 
SADEEE Werte ciscce rs cats GeonHmtorces ate... PAgticate aot. eee eee GEiWo Messer? Ses nece Almont. 
Wheelanauls os ccisieene see Frank Weiler......... Sutton’s Bay............ TMheowHachi 2. een Sutton’s Bay. 
TACNA WEE alts ace aisle oes Peter R. Roberts. ..... Wand Creeks jee ote Fred E. Morse. ....... Jasper. 
Livingston............ W. O. Richards.......| Oak Grove......:...... RoysWannens. ce peee Howell. 
Mackinac............+ Herbert Summerby....| Allenville...:........... Jas. Erskine.....:.... Allenville. 
Macombtvcnecncceien Prankstrueeee eres Armada Sas tarnoceentinans Walle slee ee ores Richmond. 
Manistee... 2.65.0 c.00 A. L. Hopkins........ Bear Tata dibtleye ieielevolorteree CHW. Gloverinaseene Bear Lake. 
Marquette’. So nocce o- John Wieland......... Marquettets..s5-- 522 seen F. H. Vandenboom. ...| Marquette. 
IPASON asses ealele tere O. G. Prettyman. ..... Scottville, R. 3.......... C. A. Rinehart........ Scottville, R. 1. 
Mecosta: 725.233.5550 Eugene Ladner........ Big Rapids, R.3........ G. H. Robison. ....... Big Rapids, R. 3. 
Menominee........... Hi pH Dohnke)ys sneer Stephenson............. G. C. Swanson........ Bteoheracn 
Mad land eters sate ccleere Oscar Inman.......... Asvyerill i eaeneseeatenne eee A. E. Lawrence....... Coleman. 
Missaukee.........,.. Geo. McBrian......... Manton whi oeseeee Sidney M. Stevens..... Star City. 
/ 
Monroereacna teen. RNG, WVaviansse ene Monroesé saat canoes J.B. Winslow......... Temperance. 
(Wontealminarrctane inet Fred L. Dean......... pheridanieceananee emer Harvey Mulholland....} Stanton. 
Montmorency......... Ra CoHarpers.cceiceet Atlanta tv) soek te Se cehiee CRAPRiceseseeieceere Atlanta 
Muskegon............ Wm. H. Kline........ Mrnitnortescnes sen eee James W. Howard..... Muskegon, R. 5. 
NewsyzOcm on ccuicoes WieW. Carter’: , sone Hrantis\ccccce eee JeR Wallacesn.joceees Fremont. 
Qakland ies. acee aes Frank C. King........ POntiaes sso. qeecasthieties Howard A. Green..... Walled Lake. 
Qocania: 5-2 Sees Jed: Gambleyo yin Harti tas tintesstec dee. Ay JSAdamsay 32555566 Shelby. 
Opemaw: 7. e iced sence Harry Grow. -.oscee> West Branch............ E. E. Mathews........ West Branch. 
Ontonagon............ Gilbert Hull.......... Bruce Crossing.......... CoO Re ies es Bruce Crossing. 
Osceola erie shee C. E. Duesler......... Hersey dec nccsmeceeeen Raysbixleyse: cess c. Hersey. 
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Isle 


President. 


Fred Cornair 
Verne Olney. 
Jas. Clark 


A.C. Stein. . 
Geo. Burt... 


Lester Mitchell 


James M. Haviland.... 


W. F. Dowling..... noes 
Thomas Woodman.... . 
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Address. 


ee 


Chesanings= een eae 


Secretary. 


M.S. Steiner......... 


John Inglis. .. Bees 
W2vAS Bentonie o.00 56 


De SETOpers cass <ier= 
Afodis Nhwirins Sa ggeoee 
Chl arrisonesest cee 
Archie J. MeLachlin.. . 
Robt. Arrowood....... 


BE. P. Sherman........ 
G. W. Preston.... 


E.R. Saing’.< eet ane 
Jei\Velkarrison. -. 1/22 


Address. 


Fairview. 
Elmira. 
Holland, R. 9. 
Millersburg. 
Roscommon. 


Chesaning. 
Atkins. 
Constantine, 
Argyle. 
Manistique, R. 1. 


Owosso. 
Colling. - 
Covert. 
Ypsilanti. 
Redford. 
Manton. 
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County Institules With Dates and Attendance. 
Attendance. 

County. Dates. Place. First day. Second day. 
A.M. | P.M. | Eve. | A.M.| P.M. | Eve. 
Harrisville........ 15 45 35 28 SLi 
Wetmore sciccerceilistecet: 30 BOS es Aecrcrsi| Mester howe eae 
Martin’. «cece LOOV| e275 SOOr| 250) 2950 see 
Gong Rapids -o,-4|p sence 24 Diseases AD Al eee 
Bellairecirae secre ge 80 80 | 160 SON els0h| Fee ae 
Standish......... 10 75 150 50 TOM eran 
; Hagtings scr nees 66 | 125 26 50))}) eel 50) |aseers 
BAY. A. ceceeaet Feb. 1-2.....| Munger. .....::.4 15 62 58 25 Q2: || Neste 
Bangle’ sweeten 2 Jan. 31-Feb. 1| Benzonia......... 93 | 200 | 156 Com men nOn ee ee 
BEETION Sect Feb. 14-15....| Three Oaks....... 30} 125 55 GON W250 hoses 
Branchinae cece Feb. 16-17...| Coldwater........ 42 | 125 43 51 OP AE ea 
(Wars ehes fccemee Feb. 14-15...| Cassopolis........ 90 200 200 90 300 250 
Charlevoix....... Feb. 4-5. Irontone seen 45 00), 1329e 140) 1) 188c fee. 
Cheboygan....... Dec. 13-14 Wolverine........ 19 55 31 87 CU nooods 
Chippewa........ Marhl6esee. Rudyard sence peers 35 C7 4 Reo] eeeal epciciie 
Clareaerecistisiseters Jan 28-29%. | Olares.. ses. eten ee 30 70 65 35 OOL|Saceer 
Minton seta Jan2b-2OSealeOvidie meee 50 927250 el Sane 200n | serie 
Crawford........ Dec. 10-11 Grayling) ee eee |e ere 80 96 36 SY Ball ee a 
Weta teen soe WEN GBs o55n Hayetter cosy. osm lites 100) | S25 wl. Sec ein eatinclllteseme 
Dickinson........ INov..265 2022 Tron Mountain....|...... dol eceta tes clara Pee |S chcie corel Mesto eas 
Platonic tier ccscee Jan. 19-20 Charlotte......... 90) 92405] 22008) S150) 2ibaleeeeas 
Himmete ace ceueee Dec. 13-14 Petoskey......... 25 BOM eres 50 OQVES totetote 
Genesee.......... Feb. 10-11 Binge ee 140 | 200} 118} 180 Bi occas 
Gladwins.\3..cne Jan. 13-14 Gladwinteypaecaee 55 | 120} 180 55 | 130} 180 
Gogebie?. 4 .2<ne- Mar. 29-30 Tronwood......... 50 80 80 GOnl SLO ds| cece 
Grand Traverse...) Feb. 2-3....| Traverse City..... 35 | 100 55 60 iO) We onioe 
Grn Geae waco cds Jan. 26-27 StaLouiss 2.5.4.5 100K) °8250|h) S00) 1608 e400 5 Rees 
Hillsdale......... Feb. 18-19 North Adams..... 65} 110 98 GBF fe PURE tenae 
Houghton........ Ans a4 asgell ee. omens Alera i erreteney een tree emanate ition dsc 
MTGner eee Feb. 4-5. Bad Axes. sa... 22 | 350] 400 52 | 345 | 400 
Jinnevny Sseaqobaas Jan. 21-22. Mason asccnisener 35 68 50 60 90) etree 
OMe es ve cee. Feb. 16-17. Portlandeaseseee 75 75 132 125 Gi eeererere 
TOSCON A nee jcee Jan. 10-11. Whittemore....... 20 63 | 115 46 (a pees 
rons. ¢.a cess Maras en Tron Riversassse) |aeees 16)" fool SERS alike eee 
Isabella........04 Jan. 27-28. Mt. Pleasant...... 80 | 365 1258) 505 eiso0nleeee 
Jackson... 02... <% Feb. 21-22. JACkRON ee eee e 14 39) |: eee 15 Sule 
Kalamazoo....... Feb. 18-19. Damon Church.... 75 85 100 60 Dull perce 
Kalkaska........ Jan. 27-28.. Kalkaska......... 25 175 300 200 450 300 
Kenth nt noe ae Feb. 11-12. Grand Rapids..... 120 BGM ce tse 195 245 |.....- 
Ligkettec ie teeter Dec. 16-17 Bristoliacse ek oe 40 58 131 58 1023p one 
TapeereGe sare vec Feb. 10-11. Hadley acer eee lone 08) | 475 ||P 1d8ule 2430 leet. 
Heslanalt: wgemet Feb. 1-2.. Sutton’s Bay...... 67 | 250] 300 91 | 200] 120 
Lenawee......... Feb. 23-24. Adrian's... Sees 90 | 440]...... SOOT SISOOT cers 
TenaWee ye. cee ets Feb; 25... .. AGrIaM ay se ont eee 7QU || MUO) Esshesllasopac|loogsrs|loocsuc 
Livingston....... Feb. 25-26....| Howell........... 45. |) 210) |) 165) |) 1669)" 205) |e nee. 
Macomb......... Feb. 9-10. WiarrenSicenrecmee 22 | 215 228 56 195 ule antes 
Manistee......... Jan. 27-28 Bear Lake........ 50 | 450] 550} 400} 550; 600 
Manistee......... Jante2oeperen Bear Lake........ AQ5 Wi BOON Ne c5ce <re.0 |lsceverotevel| wiststec¥el|foterstorele 
Marquette....... Mar. taipase- Chocolayiicatsc.calesocee 31 AO ec atl Serle altaeeeete 
Masons notes od: Jan. 25-26 Ludington........ 84 | 110 64.,|? "2251 245s eee 
Mecosta......... Feb. 10-11 Big Rapids....... 50} 100} 650 (otal et ie nartc 
Menominee.......| Feb. 7...... Haithorn pene cre eee roe ae fs (ep aincsol seacied) aceace 
Midland......... Jan. 31-Feb. 1] North Bradley....| 72 60 | 140 80 OW Wecaade 
Missaukee........ Dec. 17-18. McBain 2.5. 26 |: 110 70 59 BO | cerca 
Monroe.......... Feb. 23-24. IMonroescn aeeeree 52 100 95 65 LZ sors. ates 
Montcalm........ Feb. 25-26...| Stanton.......... DOB 8759 |e olin |ma aoe eae Mall cents 
Montmorency....| Dec. 9-10...| Atlanta.......... 12 87 90 27} 120 89 


ession. 


Total. 5 

o 

w.c E 

= 
36 210 42 
ae eats 60 30 
155 1,375 275 
se ee 74 25 
82 612 122 
Masato 360 72 
92 509 102 
30 282 56 
75 795 159 
126 521 104 
76 459 92 
124 1,254 209 
44 619 124 
35 317 64 
tin 77 39 
60 320 64 
100 877 175 
28 277 69 
ide 225 112 
Beers: 37 37 
igen 955 191 

42 219 55 ~ 

130 803 161 
81 891 133 
eens 375 75 
30 330 66 
200 1,485 297 
100 636 127 
senate 65 65 
140 | aici retarellevatteares 
180 483 97 
248 920 185 
86 405 81 
nee 16 16 
ious 1,070 214 
22 141 35 
46 441 88 
80 1,530 266 
32 757 189 
32 421 84 
110 | 1,069 267 
120 1,028 206 
625 | 4,155 692 
275 1,066 213 
145 861 172 
90 | 3,765 471 
keri 71 36 
72 800 160 
150 1,140 228 
fe oaaye 174 87 
100 542 108 
48 402 80 
51 488 97 
350 | 2,085 417 
60 485 81 
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County Institutes with Dates and Attendance.—Concluded. 
Attendance. 

a 

A=! 

: g 

County. Dates. Place. First day. Second day. Total. a 

o 

| 5 

Ey 

A.M. | P.M.} Eve. | A.M. | P.M. | Eve. | W.C. = 

= 
Muskegon Feb. 9-10. Cloverville........ 50 | 120 | 200 itil), sbi eee csallaadoes 555 111 
Newaygo......... Feb. 9-10. White Cloud...... 55 175 168 165 1200 eee 130 813 163 
aisiinGle sqoaneee Feb. 24-25 Pontiaes = see ccicn 46 71 120 38 TLOB yaeerers 125 510 102 
Oceanaesccn coo Feb. 7-8. ha ee ee eae 40 76} 120 78 EXO) ends 65 459 92 
Ogemaw.........| Dec. 7-8. West Branch...... 44 47 51 57 60) | See 65 324 65 
Ontonagon....... Mare24ue sae. Ontonsron'see yee esac 17 LCR SAR Ae es SOE seer col iatsoaae 35 18 
Osceola.......... | Feb. 8-9. Mesoyi ae en 50 135 115 90 100 eae 85 575 115 
Oscodae ci. 255s. Nove. 16 ueee. Hairviewscl. oan. 60 SOM ae LON | Sst recc les esteralloecleenal tests 250 83 
OCZOL. o.50 oe Decslolerne. ie Reon acae 50) 115 an (Bostck Re levee d (cece | Seka 259 86 
Oftawaiseccccees Feb. 10-11 Hollands ecco. 98 161 90) 3200)|| nS00F rece Peer 850 170 
Presque Isle...... | Jan. 4-5. Millersburg....... 25 50) | 2259)" 125 WON eee 60 460 92 
Roscommon...... | Dec. 8-9. Roscommon...... 60 75 150 69 CI Baeees 48 468 94 
Sts Claire aac eon | Feb. 8-9. Port Huron....... 55 68 50 75 DOME aear 45 383 7W7 
St. Joseph........| Feb. 15-16 SUill4h Renceceaane 20 75 | 100 25 WOAlReeee 84 379 76 
Haginawensa.cso- Feb. 10-11 pagiMawenen cco. 79 300 200 87 400; 500); 300 2,241 280 
SEEAE Visa oo eoebe Hebe 1254225, Raginaweescc scarce 25 jl rZOON Scr eave., tee vavers| severest vererecais)| raroraverw [lel sroratererefal lle anevoyers 
Sanilac)... Webs rv-8... . ol @romwell ss. ccc cs 27] 215| 180] 97 | 225 |.-.... 48 792 | 158 
Shiawassee....... Feb, 18-19 OwossOnseeeen es 15 80 25 38 TOM revere 150 427 85 
USCOlay. oes nes Feb. .2-3. (CET URS seamen capen 47 133 42 81 ZOOM ee tece 100 603 121 
Van Buren....... Feb. 16-17 Paw Paw) scpee see 125 LUCE RS eee 160 TSS i Reyes 146 789 197 
Washtenaw....... Feb. 22-23 Ann Arbor........ 87 | 100 OO el203| bbe eee: 68 620 124 
WAYDEN. cot orn oe Feb. 23-24. REgIOrd esmeeeret re 38 182 320 55 2OOE Prxtocrs lt mcsere 855 171 
Wrextord:. <2. Dec. 14-15. Manton yecjecies 40 60 155 OM ee L OD erence 32 467 93 

leah 26-20 See lime ere, cane Atm (ieee 300 | 400 630 870 |1,000 500 
Farmers’, Week..{ | Mar. 1-2....| } Agr’l College 715 | 950} 750} 740} 900} 950; 400/};11,110) 654 
: | Mar. 3-4.... 645 710 400 ABO sercteit te creteteteiltste areca 

i ~ ae 

HOLA UI HerOn COUNT VMLMStLTILCS. or. breaks ne teyeat laine rete arciaierein aie rereasreciae crc inieleh ercrmeiidecio eminem cic oce wee 78 

PRUvArel Pr ETA VET Ol BEASIONS Serotec ere oc soere oie AR afoe RI Oct ae ee Sie TRS IO ORT ee RE re rae a 357 

pLOte MMU INNEL IIE ALLEN ANCE tetera ace ea aioe esse oto Tore ONTOS Oe aCe Oe re ee oratertare cen iaiebtoiavarotai cite, sero ea 64,907 

MA VEPAPE DEL) RESSIOMI ny alererars tare she eoalco ate ton Goa Satay etoy eles BW ota to cate, PT Ree ered ee hin claves aie treats orange eres 177 
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Dr. F. 8. Kedzie, President Michigan Agricultural College: 


My Dear Mr. President—I have the honor to present my ninth annual. 
report as Dean of Engineering. 


The student enrollment for the year just closed is: 
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The graduating class, 66 in number, is a “record breaker” for engineer- 
ing at M. A. C., and brings the total of engineering graduates of the in- 
stitution to 749. 

The teaching personnel of the Division of Engineering is given in the 
reports of the several departments and numbers 37 persons, exclusive of 
student assistants. 

I was absent on leave from July 27, 1915 to January 1, 1916, and spent 
most of the time on the Pacific coast. During my absence Prof. J. A. 
Polson was Acting Dean of Engineering, and discharged the duties of 
the position very acceptably. 

During the fall term Prof. V. T. Wilson resigned his position as head 
of the Department of Drawing and Design, effective September 1, 1916. 

Mr. Wilson held his position for eight years, and was an efficient of- 
ficer and teacher and an agreeable colleague. . 

The vacancy thus created will be filled by Mr. R. K. Steward, who has 
been appointed, effective September 1, 1916. Mr. Steward comes to M. 
A. C. from the University of Illinois. 

The organization of the Division of Engineering will be materially 
changed by the decision to divide the Department of Physics and Elec- 
trical Engineering into a department of Physics, assigned to the Divi- 
sion of Science, and a department of Electrical Engineering, assigned to 
the Division of Engineering. 

The course of study has been changed by the addition thereto of a line 
of options in applied chemistry, whereby those students who have pre- 
dilections for chemical engineering may have opportunity to satisfy the 
same in the junior and senior years to the same extent as those prefer- 
ring civil engineering work. 

This change was made to meet what is believed to be a real demand for 
technical training for the manufacturing industries based upon chem- 
istry. Already considerable interest is manifested by our students in 
this new feature of the course. 

The course, as a whole, however, is still unique in the emphasis placed 
upon the idea that a general course in engineering, characterized by 
thorough work in fundamentals, has a place and meets a real need. 

The outstanding event of the year for the whole College, as well as 
for the division, was the fire, which, on March 5, 1916, destroyed the en- 
gineering buildings and most of their contents, with the exception of 
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the foundry wing, a loss, based upon inventoried values of $250,000, and 
a replacement loss of $350,000. These figures do not include. the per- 
sonal losses in books, instruments, data and records of the teaching 
force of the division, nor the losses of drawing and other tools and cloth- 
ing by the students. 

I was out of the city at the time. The President was on the ground, 
and to his energy and good judgment, is due the recovery of the students, 
faculty and community from the immediate shock of the catastrophe 
and the awakening in all concerned of a magnificent spirit of coopera- 
tion around the central idea of restoration of engineering at M. A. C. 
to its former status and a better foundation than ever before. 

Classes, deprived of facilities by the fire, were assembled for work 
in provisional quarters on the day following the fire, and the work of the 
winter term was completed in good form. 

The President, the College Architect and the Dean of Engineering, at 
once began the preparation of plans for rebuilding. See Exhibit “A” 
appended hereto. These were soon completed for submission to the 
Board of Agriculture, which authorized the calling for bids, and on 
April 19th contracts were awarded to F. C. Trier of Saginaw for the 
rebuilding of the Engineering Building as a fire-proof structure on sub- 
stantially the same lines as the old building erected in 1907, and to 
Byers Bros. Construction Company of Kalamazoo for three fire-proof 
shop buildings, each covering a ground area, 160 x 50 feet, one of them 
two stories in height, the others one story. 

The financial problem involved in the plans for the restoration of en- 
gineering was serious, but was relieved in a large measure by the con- 
tribution of the sum of $100,000 by Mr. R. E. Olds of Lansing towards 
the cost of replacing the buildings. This gift resulted from the personal 
suggestion of the President. 

The new engineering hall will be called The R. E. Olds Hall of En- 
gineering as a reminder of the generosity of Mr. Olds, and to perpetuate 
the significance of the gift as a recognition of engineering at M. A. C. 
by one of the foremost manufacturers and citizens of Michigan. 

Parallel with the building plans were the plans for equipment. Sur- 
veying instruments to the value of $5,000.00 were ordered immediately 
for the spring term. Machinery, instruments and furniture have been 
already largely selected and placed on order. 

The ruins have been wrecked and cleared away, ground broken for 
the new shops, and the walls are going up under the energetic driving of 
the contractors and the interested eyes of everybody. 

It is expected that the shops will be occupied for work at the begin- 
ning of the fall term, 1916, and that the R. E. Olds Hall of Engineer- 
ing will be completed by December 1, 1916. 

The next annual report of the Dean of Engineering should contain 
full descriptions of the new buildings and equipment, and should chron- 
icle the completion of an achievement highly creditable to this Col- 
lege—the successful recovery from a great disaster and its conversion 
into a new era which will be characterized by greater solidarity of inter- 
ests hetween all of the activities of the entire College than ever before, 
and by the certain knowledge, born of experience, that cooperation, hard 
work and determination are equal to any emergency. 
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On behalf of the Division of Engineering, as well as for myself per- 
sonally, I sincerely thank authorities, colleagues, co-workers, students 
and our friends everywhere for their sympathetic cooperation in the 
work of restoration of engineering at M. A. C. 

Respectfully submitted, 
G. W. BISSELL, 
Dean of Engineering. 
East Lansing, Mich., June 30, 1916. 


EXHIBIT “A”, 
March 13, 1916. 


Dr. F. E. Kedzie, East Lansing, Mich.: 


My Dear Mr. President—I have to report that on the morning of Sun- 
day, March 5th, a disastrous fire swept the engineering buildings of the 
College and destroyed Engineering Hall and all of the shop buildings ex- 
cept the foundry and lumber shed. Some damage was done to the east 
end of Wells Hall and the Power House, Veterinary Building, old 
Boiler House and Carpenter Shop were seriously threatened. 

The combined efforts of the College and Lansing fire departments pre- 
vented damage beyond that above stated. 

By the valiant efforts of College authorities, teachers and students, 
and others, considerable valuable machinery and apparatus were removed 
from the basement of the west end of Engineering Hall and from the ma- 
chine shop. 

I was in Chicago at the time of the fire, and did not return to the Cam- 
pus until late in the afternoon. Upon arrival I found that arrangements 
had been made for taking up, in temporary quarters all of the classes 
previously accommodated in the engineering buildings. 

This was a wonderful achievement, and I wish here to record my sin- 
cere thanks and appreciation of the efforts made and results accomp- 
lished by President and other authorities, our colleagues in all depart- 
ments of the College, and by the students. The real M. A. C. spirit con- 
quered every obstacle, and at this writing I can report that all work is 
going on profitably to all concerned, in spite of inconveniences here and 
there. 

The engineering plant, previous to the fire, had an inventorial valua- 
tion of $240,000. Of this amount there is now available the following: 


BUILDINGS. 


Foundry and equipment ........... $7,000 00 
iaimber. shed: and. stocks jo 6.0.5,0-+ seine 1,000 00 
——§ —— $8,000 00 
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SALVAGE OF EQUIPMENT FROM THE FIRE. 


Oil \Enpineeritig i De pee ee ae $1,200 00 
Drawing’ and” Desieni er we ses nes eek bes 
Mechanical Engineering ........... 15,000 00 
Physics and Electrical Eng........ 7,000 00 


$23,200 00 
$31,200 00 


The above statement does not include possible salvage of equipment 
from the ruins of the buildings. 

The above statement of values before or after the fire does not include 
personal losses of students or teachers. The former lost heavily in draw- 
ing instruments and the latter in books, instruments and such irreplace- 
able property as lecture notes, problem material, correspondence, per- 
sonal professional] data, ete. 

Expressions of sympathy are pouring in from alumni, from teachers 
and others personal friends of the College or of those here engaged and 
from other colleges and universities. 

Some of the latter have offered the loan of apparatus and arrangements 
have already been made to borrow from the University of Michigan and 
from the University of Illinois. 

Plans for the future include instruction for the spring term and the 
reconstruction of the physical plant. 

All instruction work is provided for on lines meeting fully the ex- 
igencies of the situation. A complete working schedule of classes with 
room assignments for the spring term has been completed by the Reg- 
istrar. Equipment is being ordered for laboratory work, or is being in- 
stalled from that which was saved from the fire. Students are kept 
fully informed and are backing us to a man. 

My ideas for the reconstruction of the buildings are formulated in a 
general way and presented graphically on the blue-print of “Greater En- 
gineering at M. A. C.” submitted herewith. The central idea is the ab- 
solute necessity of haste. 

(a) The immediate reconstruction of E ngineering Hall as a fire-proof 
building, on the old foundations, and, consequently, with only minor 
changes in interior arrangement. 

(b) The erection at once of one two-story fire-proof shop building, 
with frontage on the line of Wells Hall, Engineering Hall and Power 
House. 

(c) The erection of two one-story fire-proof shop buildings parallel 
to (b) and between it and the Pere Marquette siding. 

(d) The erection, as the future may require, of additional one-story 
fire-proof shop or Jaboratory units as indicated in the print. 

(e) All shop units to cover a ground area 160 x 50 feet. 

I have gone into details with the architect, and he is preparing plans 
and specifications as the basis of bids from contractors. 

Operations on all features of the above building plan should be started 
at once, not only that the Division of Engineering shall again have a 
plant adequate to its needs, but in order to sustain the morale of teach- 
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ers and students and to demonstrate to the people the recuperative 
power of the College when misfortune hits at its foundation principles. 
Work on the shop units can begin without waiting for the clearing of 
the ruins, and I strongly urge that no time be lost in breaking ground 
and raising the walls. 
Respectfully submitted, 
G. W. BISSELL, 
Dean of Engineering. 


Dr. F. S. Kedzie, President Michigan Agricultural College: 

Dear Sir—This communication constitutes my ninth annual report as 
professor of mechanical engineering at M. A. C. 

I was absent on leave from July 27th to December 31, 1916. During 
my absence the department was in charge of Associate Professor J. A. 
Polson, who also acted as Dean of Engineering. 

The personnel of the department at the opening of the college year was 
as follows: 


J. A. Polson, Acting Professor, 

E. G. Greenman, Assistant Professor, 

J. L. Morse, W. E. Stark, L. 8S. Eaton, BH. A. Evans, A. P. Krentel, 
W. R. Holmes, J. A. Eicher, G. H. Peters, J: D. Smith, and H. 
Garrison, Instructors. 

Ix. C. Crawford, Laboratory Engineer, 

Miss K. Nichols, Clerk. 


‘Shanges during the year are here enumerated. 

Mr. E. G. Greenman resigned at the end of the fall term. Mr. L. 
N. Field was appointed in his place. 

Mr. H. Garrison died suddenly during the holidays and Mr. C. E. 
Wood was appointed to the vacancy. 

Changes now in sight for the coming year will be made consequent 
upon the promotion of Mr. J. A. Polson to the rank of Professor of Me- 
chanical Engineering; the resignation of Mr. W. E. Stark to accept a po- 
sition at the Case School of Applied Science and of Mr. J. D. Smith to 
accept a commercial position; the refusal of Mr. L. S. Eaton to accept 
his appointment; the withdrawal of Mr. W. R. Holmes. 

The teaching schedule of the department is given in Exhibit “A”, ap- 
pended hereto. 

It will be noted that M. E. 18c is not listed as hitherto. This is be- 
cause the course was given by Professor C. S. Dunford, of the Depart- 
ment of Economics, as an accommodation, in the absence of the under- 
signed, who appreciates the favor thoroughly. 

It will also be noted that M. EK. 21b, a course in woodworking for wom- 
en, was not given in the spring term. Its omission was made necessary 
by the fire. 

_ Notwithstanding two disturbing influences,—changes in personnel 
and the fire, the work of the department has been satisfactory and I 
hereby thank the members of my staff for their cooperation. 
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The outlook for the future, due to the new shops, new building, and 
the opportunity of obtaining new equipment, is bright. 

The shop work will be reorganized to emphasize, for engineering stu- 
dents, the importance attached, in industrial life, to production and the 
value of time in obtaining results. . 

The work in machine design will be administered by the Department 
of Drawing and Design. 

The Department of Mechanical Engineering will be under the diree- 
tion of Professor J. A. Polson. 

Respectfully submitted, 
G. W. BISSELL, 
Professor of Mechanical Engineering. 
East Lansing, Mich., June 30, 1916. 


EXHIBIT “SA”, 
TABLE I. 
Class Work of Department of Mechanical Engineering, Fall Term 1916. 


| | 
alae /Hours per} No.of | Student 
Class. | Subject. Biter Teacher. week each | students | hours per 
Wocrs ae student. | enrolled. | week. 
Freshman...| Woodshop.............. OA. sr 6 133 798 
Freshman. ..| Forge Shop.. 3 6 
Sophomores..| Forge Shop. . 3 87 282 
Juniors... ... Forge Shop. . 3 1 
Sophomores..| Foundry 3 82 
Juniors...... Foundry. . 3 bf} 255 
Seniors...... | Foundry.... 3 } 2 
Sophomores..| Machine...... Ae -.| Mr. Evans, Mr. Smith............ 6 3 
Juniors... ... Machine Shop..........! 2h-2-1..| Mr. Evans, Mr. Smith............ 6 68 “564 
Seniors...... | Machine Shop.......... 2h-2-1..! Mr. Evans, Mr. Smith............ 6 23 
Freshmen....| Machine Design......... OBE. as. Mr. Morse, Eaton, Student Assts.. . 6 1 
Sophomores..| Machine Design......... Gaeteee | Mr. Morse, Eaton, Student Assts.. . 6. 86 540 
Juniors......| Machine Design......... 6a52420 Mr. Morse, Eaton, Student Assts.. . 6 2 
Special. ..... Machine Design......... Ga 82. | Mr. Morse, Eaton, Student Assts.. . 6 | 1 
Juniors... ... | Machine Design......... Gee: ProfaGreenman....dacneee eens 6 | 50 300 
Seniors...... Gas Power Engineering...| 8c..... Hy Prot sPolseii.s. tate eee nae tse 3 39 117 
Juniors...... Metallurgy............. l1a...., Mr. Morse, Mr. Eaton, Mr. Stark. . 2 83 166 
Seniors...... Engine Laboratory......| 13c....| Prof. Polson, Mr. Stark........... 4 66 264 
Seniors......| Heating and Ventilating. . 18822" |\g brofetareenmans 0.2.0 ease oee 3 40 120 
| 
Wotart | thin ftet a ehree Sake uligeak aa eee vd Alt ia) oa Gaede aig es 774 3,406 
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TABLE II. 
Class Work of Department of Mechanical Engineering, Winter Term 1916. 
No. of | Hours per | No. of Student 
Class. Subject. ay Teacher. | week each | students hours per 
COS: | student. | enrolled. | week. 
Mr. Krentel } | 
Freshmen....; Woodshop.............. Dee cate Mr: Peters: 23.25 Sock a ceeaoeus | 6 117 702 
Mr. Wood. . | 
Freshmen....| Elements of Engineering..| 1...... Prof. Bissell 2 103 | 206 
Freshmen....| Forge Shop obscene Mr. Holmes. 3 5 | 
Sophonioies..| Forge Shop... Sbaes7 Mr. Holmes 3 72 | 234 
Juniors...... Forge shop... Bi ober Mr. Holmes 3 1 | 
Freshmen.. OUNGrY iss shoes 4biesse Mr. Eicher. . 3 1 | 
Sophomores. Foundry........... 4Do. 0 Mr. Eicher. . 3 73 228 
Seniors...... Wonndry- eee tees ADS oe Mr. Eicner 3 2 
por eenures Kinematics Ghats Mr. Morse, Eaton, Student Assts.. . 5 97 545 
Juniors.. Kinematics 6b.....| Mr. Morse, Eaton, Student Assts.. . 5 12 
Juniors...... Steam Engine and Boilers.| 7a..... Mr. Mons Mr. Stark, Mr. Eaton. . 3 82 | 246 
Juniors...... Machine Design......... 6d: =2 Mrs MOrse=> bye eres ctr otic 6 49 | 294 
Juniors...... Engineering Laboratory..| 13a....| Prof. Pood. MriStark -!4) 22.2. 4 79 | 316 
Sophomores..} Machine Shop.......... 2h 2-1..| Mr. Evans, Mr. Smith............ 6 2 | 
Juniors...... Machine Shop.......... 2h 2-1..; Mr. Evans, Mr. Smith............ 6 46 | 360 
Seniors...... Machine Shop.......... 2h 2-1..| Mr. Evans, Mr. Smith............ 6 12 | j 
Seniors...... Engineering Laboratory..| 12d....| Prof. Polson, Mr. Stark........... 8 39 312 
Seniors...... Works Management..... Bares Profs POON aos) setae one oe 3 49 | 147 
Seniors...... | Steam Engine Design....| 8b..... Mrs) atone. a- hence cee aot ese 8 26 | 208 
Seniors...... Power Station Design. ...} 18b. Profs Bissell lt 23002 Say oe i ete «as 7 3 259 
J’r Women...| Woodwork.............. 21a. Mrs Krentelo sce ccs te ss see 4 57 228 
LUN (GR Ace ee ee Me dn el ee td lt Oe ee Sie Re AA eel lace i ores 961 4,285 
TABLE III, ; 
Class Work of Department of Mechanical Engineering, Spring Term 1916. 
No. of Hours per | No. of Student 
Class. Subject. ate Teacher. week each | students | hours per 
COREE: student. | enrolled. week. 
Mr Krentela...cs2/<e-8ce0 8 ae | 
Freshmen....| Woodshop.............. 2337 Mr Betersesct cs ach cece beet 6 96 576 
Miro Waadls? cs) ttnicisansnarca aes aye J 
Sophomores..| Forge Shop............. SCre2. Mrs Holmes 352. ho ten foes sca 3 87 | \ 264 
Juniors...... Forge Shop.:........... SC 2.08 Mrsj Holmes; cs320 beeiedtane des 3 1 7 
Freshmen units Ae ames cape oeeoe AG Sok Mr stiichGrecr ascot eeu a 3 2 216 
Sophomores..| Foundry............... 405 55. Mire Micherss* seme ocr Pewttteacite 3 70 
Sophomores..| Machine Shop See Ee 2h-2-1..| Mr. Evans, Mr. Smith............ 6 1 \ 223 
Juniors... ... Machine Shop.......... 2h-2-1..| Mr. Evans, Mr. Smith............ 6 37 Z 
Juniors...... Thermodynamics. ....... 17a. . Prof. Polson, Mr. Field, Mr. Eaton. 4 75 | 398 
Seniors...... Thermodynamics. ........ 17a. Prof. Polson, Mr. Field, Mr. Eaton. 4 7 If 4 
Juniors ..... Engineering Laboratory..| 13b. Prof. Polson, Mr. Stark........... 4 76 304 
Juniors...... Steam Engine Design... . 8a...:. Mr. Field, Mr. Morse............. 4 45 180 
Seniors...... Sig Wesigny: 5.1001 2b.3e. ee Mg, Wiel 530358). ok st ee. 6 23 138 
Seniors...... Machine Tool Design....| 6f..... Mire Niel peeees ater 6 1 6 
DOTS 527. 2 RIS te ew eS 19a... Prof. Bissell, Prof. Polson, Mr. Field 20 27 540 
SLORAL Sac presi a te oe os eine carte al| violate DOT SeG oan cece Sa aeatins ewes ieesae 548 2,780 


136 STATE BOARD OF AGRICULTURE. 


REPORT OF THE DEPARTMENT OF CIVIL ENGINEERING. 


President F. S. Kedzie: 

Dear Sir—Permit me to hand you herewith a brief record of activities 
in the Department of Civil Engineering for the year 1915-1916. Despite 
an unprecedented variety of hindrances there has been an unusual meas- 
ure of accomplishment, and we are entitled to a corresponding feeling 
of satisfaction in the results attained. There has been need of industry 
to carry on the work and the members of the departmental staff have 
responded willingly and adequately. 

I wish to commend emphatically the energy and fidelity with which 
every one of my assistants met the trying period which followed the dis- 
astrous fire of March fifth. Since that date the duties of all of them 
_ have easily been doubled while some of the class work has been hampered 
by numerous obstacles. Though for a short time without any equip- 
ment for laboratory work, and throughout the spring term with only a 
partial provision of the instruments needed for the proper conduct of 
field practice, the instructors in civil engineering kept the attention and 
interest of their classes without exception, and the emergency as a whole 
was attended with a minimum of injury to the students. The latter have 
shown a particularly wholesome spirit of endeavor as well the teachers, 
supplementing very nicely the efforts of the faculty and proving con- 
clusively that our students have a seriously thoughtful interest in secur- 
ing the training in engineering offered at this college. 

As of possible interest in connection with the history of the depart- 
ment it is proper to note the utter loss of all department records in the 
fire. The records of student progress and rank were complete and valu- 
able covering every item of class work that has come under my direction 
at this college, for a period of twenty-five years. Further, while my own 
loss of books, instruments and other effects was serious and significant, 
aggregating hundreds of dollars in value, I regret much more keenly the 
destruction of thousands of maps, plans, notes, photographs, problems 
and data for class use which, though my personal property, had been 
dedicated to the use of students. Much of this matter had been collected 
from professional practice and can never be replaced. 

There was one withdrawal from our department staff between the date 
of my last report and the beginning of this college year. Two vacancies 
were filled and the work of the year was shared by the following list of 
teachers, whose names appear in order of seniority of appointment: 


H. K. Vedder, C. E., Professor of Civil Engineering. 

C. A. Melick, D. C. E., Assistant Professor of Civil Engineering. 
C. M. Cade, C. E., Instructor in Civil Engineering. 
R. G. Saxton, C. E., Assistant Professor of Civil Engineering. 
W. W. Hitchcock, B. S., Instructor in Civil Engineering. 

B. K. Philp, C. E., Instructor in Civil Engineering. 

H. I. Davies, B. S., Instructor in Civil Engineering. 

H. A. Gehring, C. E., Assistant Professor of Civil Engineering. 
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Since March 6th the department has occupied temporary quarters pro- 
vided mainly in the Agricultural Building, with an occasional assign- 
ment of classroom space elsewhere about the campus. In the Agricul- 
tural Building, a part of room 14 was used for storing our instruments 
and other equipment besides providing desk space for Assistant Profes- 
sor Melick and Mr. Philp. Room 211 afforded office space for Professor 
Vedder and Mr. Davies, while room 312 was similarly used by Mr. 
Hitcheock, Mr. Cade, and Assistant Professors Saxton and Gehring. 
Giving up offices, classrooms and laboratories for our use has undoubt- 
edly inconvenienced the teachers in the Division of Agriculture, but their 
sacrifices appear to have been made cheerfully and are sincerely appre- 
ciated by all teachers in the Department of Civil Engineering. 

The tabulation below records the classroom activities of the depart- 
ment for the year, except the single item of one class of 18 students in 
M. E. 6b, Kinematics, conducted by Mr. Davies in the winter term, for 
which purpose his services were loaned to the department of Mechanical 
Engineering. During the same term Mr. Davies carried out an assign- 
ment of thirty hours per week in adjusting, cleaning and arranging our 
equipment of surveying instruments. 
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CLASS WORK OF THE DEPARTMENT OF CIVIL ENGINEERING FOR THE COLLEGE 


YEAR 1915-1916. 
TALL TERM. 


: 41s No. of 
Class. Subject. cute Teacher. 
Summer Sch. | 
1915 
(2 weeks) 
Sophomores.| Forest Topography. ..... C.E 2a" | MriCadelie soe. ee 
Fall term. 
Sophomores.| Surveying (class)........ C219; |\/ProfaSaxtoneates..2s se oe oi: 
Sophomores.| Surveying (class)........ Ci, lan eProi Gehring... .c-& 26. .con 
Sophomores.| Surveying (class)........ (Ca51a5|\WMir Davies! sccceaeen eons 
Sophomores.| Surveying (class)........ Chia Mr sDavies aero e eee sone 
Sophomores.| Surveying (class),....... CeBSta-| Mr Daviess). esasoceen eee 
Sophomores.| Surveying (class)........ C.E. 1a.| Mr. Hitehcock.............. 
Sophomores.| Surveying (class)........ C.E. la.; Mr. Hitchcock..............| 
Sophomores.| Surveying (class)........ C.E. la.| Mr. Hitechcock.............. 
Sophomores.| Surveying (field)........ C.E. la.| Mr. Hitchcock, Mr. Philp.... 
-Sophomores.| Surveying (fiela)........ C.E. 1a.) Mr, Hitchcock, Mr. Poilp. .. .| 
Sophomores.| Surveying (field) CE. 
Sophomores.| Surveying (field). . C28. 
Sophomores.| Surveying (field). . .| C.E. 
Sophomores.| Surveying (field). . .| C.E. 
Sophomores.| Surveying (field)... .| C.E. | 
Sophomores.| Surveying (field) Cila:| (MrDavies sae. ect ast oi saeins 
Juniors..... Mechanics ees.) 250. iC Be4asl ProtlGelring: -ac.-s:ceceene 
Juniors.....| Mechanics.............. GEE 4a:\ ‘Prof Melick 3-2 2 552 see 
Juniors..... Mechanics:...227...0.4.. Clip 4an Mrabhilp as soncsssce menos 
Juniors..... Mechanics... .2...0:...% (Cl 4a | Mird Pinip yey cee | 
Juniors..... Mechamics:< S22). 26) {Cc 4a: | Profs SaxtOnes). (ceases ceo ae 
Juniors..... Mechanics... 2:62... 2s C.E. 4a.) Mr. Hitchcock.............. 
Juniors..... Adv. Surveying (class)...| C.E. 6..| Prof. Melick................ 
Juniors Adv. Surveying (class)...| C.E. 6..| Prof. Melick................ 
Juniors..... Adv. Surveying (class). ..| C.E. 6..| Mr. Hitchcock.............. 
Juniors..... Ady. Surveying (class)...| C.B.6..| Mr. Philp.................. 
Juniors..... Adv. Surveying (field)....| C.E. 6..; Mr. Cade, Mr. Hitchcock... . . 
Juniors..... Adv. Surveying (field)....| C.E. 6..| Mr. Philp.................. 
Juniors... .. Ady. Surveying (field)....| C.E. 6..| Prof. Melick, Mr. Cade... ..: 
Juniors..... Ady. Surveying (field)....| C.E. 6..| Prof. Melick, Mr. Cade...... 
Jun., Sen. ..| Surveying Methcds (class)| C.E. 2..| Mr. Cade..................- 
Jun., Sen. ..| Surveying Methods (field) | C.E. 2..| Mr. Cade.....:............. 
Seniors... .. | Graphic Staties......... CoEAd.|, Prot. Melicke= 2)" peers 
Seniors... .. | Graphic Statits......... Ci 4d!| Prot, Melick {eee oacun 
Seniors..... ‘Hydraulics. 9 sane CE. 5,..| Profs Saxton) > ..2222.40 «> 
Seniors..... | Hydraulics? oi sas5-4cu @.B/5:=| (Prof. Gehrig. 22 see ce saan 
Seniors.....! Hydraulics...:......... Cibo. brots paxtons. os. 5 ho eee 
Seniors..... Hiydraulics)- sees se. soe Cobos) ecotaGebring kone ake eee 
Seniors. .... Hydraulic Laboratory....| C.E. 5a.) Prof. Saxton................ 
Seniors. .... Hydraulic Laboratory....| C.E. 5a.| Prof. Saxton................ 
Seniors..... Hydraulic Laboratory....| C.E. 5a.; Prof. Gehring............... 
Seniors..... Hydraulic Laboratory....| C.E. 5a.| Prof. Gehring............... 
Seniors..... Higher Survey (class)....| C.E. 6b.) Prof. Vedder................ 
Seniors..... Higher Survey (class)....| C.E. 6b.) Prof. Vedder................ 
Seniors..... Higher Survey (field). ...| C.E. 6b.; Prof. Vedder, Mr. Cade...... 
Seniors..... Higher Survey (field)... .| C.E. 6b.| Prof. Vedder, Mr. Cade...... 
Seniors..... Bridge Stresses.......... Ci. '8a"| Prot. Vedders.. act scchossee 
Seniors..... Bridge Stresses........ ,.| C.E) Sa-| Prof! Vedder, 2) 32 s22ceie noe 
Totals..| 48 sections.............. 


Class room. 


14 miles n. w. 


of Cadillac 
Michigan. 


No. No. 
pie = of | hours students 
meeting. | per in 

week. | class. 
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WINTER TERM, 1916. 
! 
Ae of Pete oh ons leit 
“4 : 0. 0 ‘ eriods of | hours | students 
Class. Subject. daiinge Teacher. Class room. netarte dl Wie oe 
week. | class. 
Juniors..... Mechanics: 6.60: 26. se CE ADADMrsPhilpeeece as aa aac 111 1 5 13 
Juniors..... Mechanics: 7-2 ..).c cx CE: 4b: | Mr..Cadev2 es 2emcn ec cies 213 1 5 13 
Juniors... .. Mechanics.............- Cin Abs| Mire Saxtonese ese sen eee ete 203 5 5 12 
Juniors..... Mechanics) 200 os ceace: Cab: Mir? Pilpe esse eens ee 111 5 5 13 
Juniors..... Mechanics.............. C.E. 4b.| Mr. Hitehcock.............. 302 1 5 12 
Juniors... .. Mechanics. 2.00 sees C.E. 4b.| Mr. Hitchcock.............- 302 5 5 14 
Jun., Sen...| Agricultural Engineering..} C.E. 3..| Prof. Vedder................ 111 2 5 17 
Seniors..... Bridge Design........... C.E. 8b.| Prof. Melick, Mr. Philp...... 304 3, 4 8 29 
Seniors..... Masonry and Arches..... CEL 9s prot Melicks 22 -pcsar vate 109 { M a a } 3 19 
Seniors..... Masonry and Arches..... Co Osc Perot. Gehring = ee sae, 203 1 3 10 
Seniors. .... Masonry and Arches.....| C.E. 9..| Prof. Melick, Prof. Gehring... 304 5-8 4 19 
Seniors. -... Masonry and Arches..... C.E. 9..| Prof. Melick, Prof. Gehring... 306 7,8 4 10 
Seniors..... Pavementas..csaaecnene Chel Os ebrOt. Saxtome ce eerecen so 2 a 203 7 2 15 
Seniors..... PAVEMENTS 5. /-.o2is aces 3 - GB 10) |PProfepaxtont 9526222550025: 203 1 2 14 
Seniors..... Experimental Laboratory.| C.E. 12.| Mr. Cade. Mr. Hitchcock... . 4, 106 6-8 6 16 
Seniors..... Experimental Laboratory.| C.E.12.| Mr Cade, Prof. Saxton... ... 4,106 | 2-4, 6-8 6 14 
Seniors..... Water Supply........... Con 15-1) bret. Gehring pene cen eeie 302 2 4 12 
Seniors..... Water Supply........... CamAT5s| Prot paxtoneee nee etree son. 203 2 4 17 
eran AR Cochin tte ete eee he eke ee ee ee ee ie ae et 269 
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SPRING TERM 1916. 


; No. No. 
Class. | Subject. ue Teacher. Class room. epi pte te 
| week. | class. 
| 

Sophomores.) Surveying (class)........ CoB alps | MiniDavies eran cisvteteataedele ZOTER Erase 7 2 18 
Sophomores.| Surveying (class)........ CAP bs eMire Davieste: mone seein eee DOT AG oene 2 2 19 
Sophomores.| Surveying (class)........ CeB. Ib!) Mr: Hitehcock. 25.220... - 207 Ag..... 7 2 21 
Sophomores.| Surveying (class)........ GE: Ib) Mr? Hitcheocks 2. ey... 207 Ags cee 2 2 26 
Sophomores.| Surveying (field)........| C.E. 1b.} Mr. Davies, Mr. Hitchcock...! 109 Ag..... 5, 6 4 19 
Sophomores.| Surveying (field). .......| C.E. 1b.) Mr. Davies, Mr. Hitchcock...| 109 Ag..... 3, 4 } 4 21 
Sophomores.| Surveying (field)........ C.E. 1b.| Mr. Davies, Mr. Hitchcock...} 109 Ag..... 5, 6 | 4 18 
Sophomores.| Surveying (field)........| C.B. 1b.| Mr. Davies, Mr. Hitchcock...) 109 Ag..... 3, 4 4 25 
Sophomores. Surveying Methods (class)| C.E. 2..| Mr. Cade..................- 208 Ag..... 5 3 12 
Sophomores.| Surveying Methods (field)| C.E. 2..| Mr. Cade.................5. Dairver wee 3,4 4 12 
Juniors..... Topog. Mapping (class). .| C.E. 6a.| Mr. Cade.................-- 208 Ag.,... 2 2 17 
Juniors..... Topog. Mapping (class). .| C.E. 6a.| Mr. Cade...:...........+-.- 208 Ag..... 8 2 14 
Juniors..... | Topog. Mapping (field)...| C.E. 6a.) Mr. Cade, Prof. Gehring. .... Boriaheis 2 | 4 17 
Juniors..... | Tcpog. Mappirg (field). .| C.E. 6a.| Mr. Philp, Mr. Cade.........| For........ § | 4 14 
Juniors..... Strength of Materials....| C.E. 4c.)| Mr. Philp.................. 206 Ag..... 3 | 5 10 
Juniors.....| Strength of Materials. ...| C.E. 4c.| Mr. Philp.................. DOMAC ee 4 | 5 16 
Juniors..... Strength of Materials. ...| C.E. 4c.) Mr. Philp.................. Dairy sys 5 | 5 11 
Juniors..... Strength of Materials. ...| C.E. 4c.) Prof. Gehring............... Hortier: cnr 3} | 5 11 
Juniors..... Strength of Materials. ...| C.E. 4c.| Prof. Gehring............... 207 Ag..... 5 | 5 11 
Juniors..... Strength of Materials....| C.E. 4c.| Prof. Gehring............... 20Ag sae 6 | 5 16 
Juniors..... Railroad Survey (class)...| C.E. 7..| Prof. Melick................ 208 Ag..... 1 | 3 19 
Juniors..... Railroad Survey (class)...| C.E. 7..| Prof. Melick................ 20GVAg ten all 3 15 
Juniors..... Railroad Survey (field)...| C.E. 7..| Prof. Melick, Prof. Saxton....| Vet........ 5-8 4 9 
Juniors..... Railroad Survey (field)...| C.E. 7..| Prof. Melick, Prof. Saxton....| Vet........ 5-8 4 3 
Juniors..... Railroad Survey (field)...| C.E. 7..| Prof. Melick, Prof. Saxton....| Vet........ 1-4 | 4 22 
Jun:, Sen. ..| Roads (class)........... CES Wal Profsoaxtonee see maces. DIS VAp ey 4 | 2 14 
Jun., Sen...| Roads (field)............ C.E. 17.| Prof. Saxton, Prof. Melick....| Vet........ 3, 4 6 14 
Seniors..... Contracts, ete. ..... 00... Cupas | brotsiWedderna. cease sear 208 Ag..... 3 3 31 
Seniors..... Contracts, ete.........-- G3yHe135 |e brots Veoder. = scemeen ee ote DUGPAGeneee 4 | 3 31 
Seniors..... Astronomy (class)....... Cb M14 ProfViedder 25. see Geers 2OSHA gee 4 2 26 
Seniors..... Astronomy (field).......| C.E. 14.| Prof. Vedder, Mr. Philp......|............ Evening. .| 2 26 

Seniors..... Thesis, 4 sections........| C.H. 11.} Prof. Vedder, Prof. Melick, | 
Prof Gehrings Profs saxtons| ssn.) cel aietslerseretes 20 32 
MGHAISS <1 hB2) SOCULOLISs uc htec te ckereee cee exe otcheteiat ella ate toe tars atone: victors ctaderener stenotic eeivecs eka eerie | (eine rete 129 570 

| 


The following text-books have been used in our classes during the year ; 
Merriman & Jacoby’s Roofs and Bridges, Vols. I, II, I11; Vedder’s Notes 
on Surveying; Merriman’s Treaties on Hydraulies; Hancock’s Mechanics; 
Baker’s Masonry Construction ; Harger and Bonney’s Highway Engineer’s 
Handbook; Turneaure and Russel’s Public Water Supplies; Folwell’s 
Sewerage; Hosmer’s Astronomy; Tucker’s Contracts in Engineering ; 
Boyd’s Strength of Materials; Allen’s Railroad Curves and Earthwork ; 
Breed and Hosmer’s Surveying, Vols. I, I1; Ingram’s Geodetie Survey- 
ing; Blanchard and Drowne’s Highway Engineering. 

The total expenditure by the department during the year for all pur- 
poses has been $3,247.72. During the same period the sum of $52.00 was 
turned in for special examinations, and $626.75 for laboratory fees and 
other departmental receipts. | Of our total annual expenditure as stated 
above, $946.22 has been used since March 5th the date of the fire, and 
has therefore been directed toward the problem of reconstruction. 

Respectfully submitted, 
H. K. VEDDER, 
Professor of Civil Engineering. 
Fast Lansing, Mich., June 30, 1916, 
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REPORT OF THE DEPARTMENT OF PHYSICS AND ELECTRICAL 
ENGINEERING. 
President F. 8. Kedzie: 

Dear Sir—About two years ago considerable pressure was brought to 
bear upon the Physics department to provide some means by -which a 
student could enter the College without Preparatory Physics. This re- 
quest came because many colleges and universities are offering courses 
in which Preparatory Physics is not required, although such courses are 
not equivalent to any we give here. 

This last year I offered to admit candidates for the Home Economics 
Course without Preparatory Physics, because the amount of time as- 
signed to Physics had been increased, and the faculty included the agri- 
cultural and veterinary candidates in this provision. In June this year 
(1916) this matter was referred to the Committee of Deans with power 
for further action, which adopted the following resolution : 

“The action of the faculty permitting other entrance credits to be 
substituted for physics by classes in the Divisions of Agriculture and 
Home Economics entering in the fall of 1916 or thereafter shall be made 
retro-active to include all students at present conditioned in entrance 
physics who carry ten credits of physics during their college course. 

At the discretion of the head of the Department of Physics, additional 
work may be required of those who do not offer physics for entrance and 
whose work indicates that extra time is needed.” 

This must be considered in the nature of an experiment, and it is to 
be hoped that it will at least be followed by more time being given to 
physics in the Agricultural Course, for the principles of physics are be- 
coming increasingly important in each of these courses above mentioned. 

I have always considered that we give a pretty complete course in 
physics to the engineering students; three terms with lecture and labor- 
atory work throughout the year. This spring I received a communica- 
tion from Columbia University to the effect, that some of our engineer- 
ing graduates were applying for graduate work there, and they wished 
to find out how much work in physics our graduates had had. On com- 
paring their course with ours, I find they give fifty per cent more time 
to physics than we do. 

On March 5th, this year, the Physics department was burned out of 
its quarters in the Engineering Building, and since that time has been 
occupying rooms in the Forestry Building. This fire made a consider- 
able interruption affecting not only those departments whose quarters 
were destroyed, but all of the departments of the College, more or less, 
because of the “doubling up” which was necessary. 

It perhaps would be proper to put on record here the fact that classes 
were resumed the next morning (Monday) without any loss of class 
work. This made necessary strenuous exertions for many others than 
the members of the departments, directly affected. During the spring 
term we have also met all of our usual classes, and haye coyered the 
ground usually covered in that term. 
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All but the Physics department will return to the new Engineering 
Building some time this next year. It remains to be seen what perma- 
nent quarters can be provided for this department. I do not know that 
there is any occasion for my discussing the possibilities of the new loca- 
tion at this time, since the department was separated on the first of July 
from the Department of Electrical Engineering, and the physics work 
will now be carried as a separate department. 

I wish at this time to put on record my appreciation of the way in 
which all the members of the department haye carried this extra burden 
and made possible a minimum of disturbance in the work of the depart- 
ment. 

The Department of Electrical Engineering also suffered the loss of its 
quarters on March fifth, and has been housed temporarily in the For- 
estry Building. .As in the case of the Physics department, the work has 
gone on with a minimum of interruption, the same ground being covered 
during the spring term, as was usual. Considerable apparatus belong- 
ing to the Electrical department, was saved. 

The department has for some time been considerably interested in 
helping the farmer to make use of electricity to assist him in his daily 
life. The two electives in physics, namely: 4a and 4¢, were instituted 
to make an opportunity to study the situation and participate in the 
matter of providing electricity for the farmer. Now that the two de- 
partments are separated and that work goes with the Physics depart- 
ment, I cease to have active connection with that problem but expect to 
continue activities along that line in some other way. 

The development of electric generators automatically controlled so as 
to keep a storage battery charged on a automobile for operating the 
electric starter, suggests that the same thing can be done on a little 
larger scale for the farmer. In this case a varying speed drive, namely, 
the windmill, can be used similarly to keep a battery charged. This has 
been an attractive problem for many years but has not so far been satis- 
factorily solved. 

Another matter that is worthy of consideration, is providing the peo- 
ple throughout the State with texts which will enable them to acquaint 
themselves with the handling of electricity. We have many calls for 
such information from people who find it impossible to take a course in 
college. I am inclined to think that bulletins could be written pretty 
much along the lines of self help books intended for mechanics who are 
unable to take advantage of school facilities. I quite believe that short 
course work could be done along this line to good advantage, either in 
the winter or during the summer. 

Respectfully submitted, 
A. R. SAWYER, 
Professor of Physics and Electrical Engineering. 
Hast Lansing, Mich., June 30, 1916. 
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REPORT OF THE DEPARTMENT OF DRAWING AND DESIGN. 


President Frank S. Kedzie: 


Dear Sir—I herewith present to you my eighth annual report as head 
of the Department of Drawing and Design for the year ending June 30, 
1916. 

The work of the department has been carried on by the following 
teachers: 


Mr. Chace Newman, 

Miss Caroline L. Holt, 
Mr. Myron B. Chapin, 
Mr. Frank D. Messenger, 
Mr. Alfred Iddles, 

Mr. Earle H. Stewart. 


Due to the arrangement of schedule and light attendance, Mr. Chas. 
R. Todd’s place was not filled until the beginning of the winter term by 
the appointment of Mr. Earle H. Stewart. 

My first pleasurable duty is to bear testimony to the conscientious 
and faithful work of my staff. I have never, since my term in office, had 
anything but faithful service from the staff; but this year, more notably 
than previously, the fire destroying the Engineering Building, put this 
to the test, and the instructors were by no means found wanting. They 
are due the most appreciative recognition for their actions during thes> 
past trying months of readjustment. I may here add that I feel that not suf- 
ficient recognition for faithful service is the rule. Much higher efficiency 
in my opinion, would result if workers were led on to do their best by 
a little merited appreciation. I think I have demonstrated this to be 
true in my own experience. I do not believe it would cost any money or 
breed trouble. The Drawing department has had a uniformly capable 
corps of instructors throughout my administration; no one has really 
made a failure of his work, and a number have gone out to more remun- 
erative positions crediting the department with being a good school for 
their training. In support of this I may mention Mr. Walter G. Ward, 
_ Professor of Drawing at the Dakota Agricultural College, and Mr. Carl 
Head, Professor of Drawing and Machine Design at the James Milliken 
University, Decatur, Ill. 

As remarked, the fire destroyed everything including many valuable 
personal possessions belonging to the staff. But it was here demon- 
strated quite well that equipment does not make a college; it is teach- 
ers and a condition of intelligent understanding between students and 
teachers.—Might not some of the money lavishly spent upon equipment 
be wisely diverted to remunerate good teachers? We were enabled to 
continue uninterruptedly the classes and the work without—if my 
memory serves me right,—losing one hour’s time. The fire occurring on 
Sunday morning early, the day was spent in reorganizing and locating 
so as to start under full headway Monday morning. And, furthermore, 
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no absences are to be recorded those first days following, except one or 
two throughout the department due to causes in no way related to the 
fire. Some courses had to be modified because of loss of equipment, but 
I am sure that the substitutions made resulted in equally beneficial re- 
sults to the students. 

In general the courses have been conducted as heretofore with con- 
tinuous effort to improve and adapt them to the most modern methods. 
The new courses Drawing le and 2c for landscape gardening students 
have proved particularly adapted to their needs and are unique I am 
sure in the breadth of field covered in the short time, and the results 
in efficiency as shown by the students’ work. The instructors should 
be credited also with having made some valuable changes in the courses 
in elementary mechanical drawing. I would sum up the situation by 
saying, we have tried to keep up high standards of scholarship through- 
out, making no discrimination, as I have mentioned in a previous report, 
between men and women in this respect. 

I would like to mention the need, in my opinion, for a better arrange- 
ment of schedule of hours so that the teaching force may be used to best 
advantage. At present there seems to be too much bunching of classes 
on certain days and at certain hours. I have mentioned this need be- 
fore. I feel that the whole program deserves very careful and intelli- 
gent study which it does not now get, owing to the method by which it 
is put together each term. Concentration of responsibility would help 
matters I am sure. 

Retiring this year from my position here and in all probability from 
the teaching profession in which I have served twenty-three years, I 
wish to express my appreciation of the College I am leaving. I have 
spent eight pleasurable years in its service, and have learned to respect 
its aims and the personnel of its staff very much. I feel a hearty loyalty 
to the institution which will live with me. I shall follow its fortunes 
_ with keen interest. I believe in its future as a growing and progressive 
institution along the broadest and mosf useful lines. Our new President 
has every opportunity to carry out this plan, familiar as he is with every 
tradition of the institution, and loving the student body both graduate 
and under-graduate as he does. : 

The following is a table showing the teaching hours and the distribu- 
tion of the work among the different instructors. 


Respectfully submitted, 
VICTOR T. WILSON, 
Professor of Drawing and Design. 
East Lansing, Mich., June 30, 1916. 
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Tddlest i. eek Aah eeee SES eee 6 15 |t deals eaeats 
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REPORT OF THE DEAN OF DIVISION OF HOME ECONOMICS. 


President F. S. Kedzie, Michigan Agricultural College : 

Dear Sir—Permit me to present the following report for the Division 
of Home Economics for the year 1915-1916. 

The enrollment for the year, exclusive of the Summer School, was 330 
as against 299 for the year 1914-1915. The comparative enrollment by 
classes was as follows: 


1914-15 1915-16 


Gradwatesicne 2 crac se ee, cde ieee 3 2 
SONIOTS cits sre 2 he eee eed AS Pe 44 64 
SUMIOES Cs. So oe oe bic ee ee ene 62 60 
SU PHOMOLES via ce wort esau Re eek eect ee 70 71 
Preshien <0 2... hc were see ee eee ee 97 120 
Special’ Fee Pies esa. peers cee ee 3 13 

TOTAL hate 2 ope os ES eee 299 330 


This increase in numbers, though not large, has made necessary read- 
justments along many lines; as the dormitory, dining-room and lab- 
oratory accommodations were inadequate to meet it. It has also seemed 
essential to make some changes in the plans for the life of the young 
women and in the regulations governing their social activities, for more 
than half of the students in the division, aside from those whose homes 
are in Lansing and East Lansing, were housed outside of the Woman’s 
Building and the problems to be met have been increasingly those of a 
scattered body of students rather than those of a group living under one 
roof. , 

Some changes were made in the instructing force of the division: 
Miss Mary E. Edmonds was made head of the Domestic Science depart- 
ment; Miss Zella E. Bigelow, instructor in Domestic Art; Miss Edna 
Garvin, instructor in Domestic Science and Art; Miss Margaret M. Jus- 
tin, Extension Specialist; Miss Anna Bryant Cowles, assistant in Ex- 
tension Work. A new position of House Mother was filled by Mrs. 
Cornelia R. Lindsay, for the year. Mrs. L. L. Peppard, head of the Do- 
mestic Art department was away from the College on leave of absence 
during the spring term, studying at the University of Chicago. It is 
with regret that we lose from the division this year, Miss Florence Far- 
well who has done such efficient work as House Director; Miss Clara 
King Morris, instructor in Domestic Science; and Miss Lyla Edgerton, 
instructor in Music. 

The question of suitable dormitory accommodations has continued to 
be one of the pressing questions in providing for the women of the Col- 
lege. The Woman’s Building has been improved during the year by 
steel ceilings in the main corridors, offices and laboratories; by bring- 
ing soft water into the-house; and by installing a passenger elevator. 
The elevator, especially, added greatly to the comfort and héalth not only 
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of those who have lived in the building, but also of those who have come 
to the dining-room from the outside houses. The experiment which was 
tried this year of housing twenty girls in a small house leased by the 
College, and known as the “College Cottage” has proved satisfactory 
both to the students living in it and to those in charge of the division. 
With a matron and a teacher in residence, a home life has been pos- 
sible which gives promise of making the transition from normal home 
life to the life of the large dormitory less difficult. It is the plan for 
next year to lease a second house, on Albert Avenue, which will furnish 
dormitory accommodations for thirty students and will have, in addi- 
tion, a dining-room sufficiently large to provide for a boarding club of 
fifty members. 

The new course of study for the division, which was outlined last 
year, went into effect this year for freshmen and juniors, and though 
its efficiency cannot be determined until it has been longer in use, the 
slightly greater flexibility and the concentration of effort on fewer sub- 
jects which characterized the course, have seemed to give satisfaction to 

the students and to strengthen the work of the departments concerned. 
A few changes will be made for next year that are indicative of the 
direction in which the work of the division is tending. 

Two five credit courses in Physiological Chemistry have been added as 
requirements for juniors, prerequisite to the work in Dietetics and the 
senior courses in Foods. This will enable the department to offer 
more advanced work in Domestic Science than could be offered before, 
and will strengthen existing courses. 

A change will be made in the technical work of the first two years. 
Either music, or drawing and English, has been a requirement through- 
out those years. In has been felt that it would help to foster a real in- 
terest in music and an appreciation of it,—as well as raise college stand- 
ards,—if music should be made elective and the technical work in it be 
given college credit only when a certain stage of proficiency had been 
attained by the student, and when the work was combined with courses 
in musical theory. With this in mind, free, required music has been 
dropped from the course and the two credits per term which were given 
to it have been added to the regular technical work of the division. 

It has been the hope of the division to have, at some time, a house 
which could be used as a practice house for senior girls, in order that 
they might have the opportunity to apply to the management of a home, 
the knowledge and skill which they had acquired in the various courses 
in Domestic Science and Domestic Art. This hope is to be realized by 
the action of the State Board in giving to the division the house which 
has been for so many years the home of the President of the College, that 
it may be used as a Senior House. It is planned to equip the house with 
modern facilities for home keeping that will be simple, attractive and in 
accordance with the standards of the College. Twenty seniors will be 
in residence each term and will, under the immediate direction of the 
teaching staff of the Domestic Science department, carry on the work 
and life of the home. As far as possible, the furnishing and equipping 
of the house will be done by the classes in Domestic Science and Do- 
mestic Art. We believe this will mark a great advance in the efficiency 
of the work in the junior and senior years. 


— wens — ——~ —- —— s ~ . > ' ~ ! | 
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The division has endeavored during the year, to relate its work more 
closely to the needs of the women of the State and the results of the in- 
creased contact with them have been illuminating and helpful. Partly 
as a result of this endeavor, a plan has been outlined by representatives 
of a number of women’s organizations in the State for uniting the ef- 
forts of the Michigan Home Economics Association; the Teachers of the 
State; the Federation of Women’s Clubs; the Grange; the Farmer’s 
Clubs; the Gleaners; the State Nurses’ Association; and other inter- 
ested organizations, with those of the College, toward introducing home 
economics into all the public schools of the State as rapidly as loeal 
conditions will permit. 

It is with pleasure that I report the progress that has been made to- 
ward raising the permanent Student Aid Fund of $3,000. Mrs. GC. B. 
Collingwood, who has been President of the Kast Lansing Woman’s Club 
and Chairman of the Committee of the State Federation for the fund, 
has secured the interest of many of the Alumnae of the College as well 
as of many of the Women’s Clubs, and the amount of $1,500 is already 
available for use. A committee consisting of one member elected by the 
Alumnae Association; one, appointed by the Michigan Federation of 
Women’s Clubs; and the Dean of the Division will have charge of ad- 
ministering the fund. 

The Alumnae have also been active in furnishing a guest room in the 
Woman’s Building that will enable the division to extend, again, the 
hospitality to college guests which the crowded condition of the Build- 
ing has made impossible in recent years. 


In reviewing, after two years of work, the progress which has been 
made and comparing it with the standards which, as a division, we wish 
to establish and maintain for our students along the lines of scholarship 
and personal development, as well as along social lines, it has seemed to 
me that our greatest need at the present time is that of a Home Econ- 
omics Building in which the class work of the division can be carried on 
apart from the dormitory and social life. There are two reasons for 
this decision: 


1. As long as laboratories and lecture rooms are connected physically 
and in the minds of the students with the more informal social and dor- 
mitory life, it is much more difficult to secure the attitude of mind 
that is most conducive to scholarship and the recognition of the import- 
ance of regularity and concentration in work. 


2. The increase in numbers is already making it necessary to consider 
the equipping of new laboratories in both Domestic Science and Domestic 
Art, and the economy of money, and of the time and energy of the teach- 
ing force that will be secured by arranging for the work to be done in 
one well equipped building will be great. It will also release rooms in 
the Woman’s Building, which will help to relieve the over crowded con- 
dition there. 


Permit me, therefore, to ask your consideration,—and that of the 
State Board of Agriculture,—of the need of more laboratories and class 
rooms to meet the demands which are being made upon us by the in- 
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crease in numbers, and of the possibility of meeting this need by erect- 
ing, in the near future, a separate Home Economics Building. 
respectfully submitted, 
GEORGIA LAURA WHITE, 


Dean, Division of Home Economies. 
Kast Lansin Mich., June 30, 1916. 
gs; ’ ) 


REPORT OF DEAN OF VETERINARY DIVISION. 
President Frank S. Kedzie, College: 


Sir—I have the honor to submit herewith a report of the Veterinary 
division for the academic year ending June 30, 1916. 

Faculty and Teaching: The most noteworthy fact as regards the fac- 
ulty for the past year has been the development of the departments of 
Veterinary Anatomy and Animal Pathology, together with appropriate 
recognition of the worth and services of men connected with these 
phases of work ever since the subjects, under their direction, were added 
to the courses of study of the division, through placing them, Dr. Frank 
W. Chamberlain and Dr. E. T. Hallman, respectively, in responsibility 
and giving them places upon the ¢ollege faculty. By this action of the 
State Board of Agriculture the force of the Veterinary division has been 
augmented to six men entirely engaged in such work as is comprehen- 
sively grouped under the heads of medicine, anatomy, pharmacology, 
pathology and surgery; this, naturally, is exclusive of instruction stu- 
dents receive in animal and dairy husbandry, bacteriology, botany, chem- 
istry, English, entomology, military science, physiology and zoology, work 
that has not only been efficient, but that has been offered with an evi- 
dent desire to cooperate and serve the division in a highly commendable 
manner that is gratefully appreciated. Indeed, the past year has again 
served to demonstrate the indisputable advantages of having a veterin- 
ary school at an agricultural college, where the educational requirements 
‘meet the larger needs of problems incidental to health and scientific agri- 
culture, especially as the latter is developed through animal husbandry ; 
furthermore, in this connection is it appropriate to recall that it is the 
boys from the farm, naturally attracted to the agricultural college when 
seeking higher education, that, as a class of students, have as a whole 
the early training and environment which furnish the best basic equip- 
ment and adaptability for veterinary work. 

As was suggested in last year’s report the faculty of the division ur- 
gently needs additional help to more equally distribute class work, if 
it is to continue with that high degree of efficiency which has character- 
ized the work from the first, and to take care of the growing demands 
incidental to a progressive policy. Naturally, the cost up to this time 
for maintenance of the division, in proportion to number of students 
enrolled, may have appeared excessive as compared with other courses; 
this was due largely to the necessity of supplying equipment essential 
to an adequate schedule for studying modern yeterinary medicine. With 
the steady increase in number’ of students, as will be shown tabulated 
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later, and the annual addition of new courses, the figures have materi- 
ally changed. During the year just closed, without listing any student a 
second time even though the individual takes several subjects or ap- 
pears on the roll for three successive terms, we have given instruction to 
412 different students, including sixty-nine in the regular full veterin- 
ary course, ninety-one agricultural students electing veterinary science, 
and the first and second year short courses, including both the five 
months’ and eight weeks’ classes; the later swelling the aggregate to an 
average in excess of three hours daily for a period of sixteen weeks de- 
voted exclusively to work with students of agriculture. 

The efficiency of our work has been materially enhanced through be- 
ing able to retain the same teaching staff year after year and the praise- 
worthy efforts put forth by each individual forecasts an encouraging out- 
look for the approaching year. The classroom work, extensively supple- 
mented in some instances, is distributed in the re-adjusted schedule as 
follows: 


Fall. Winter. Spring. 
Instructor. Hours per | Hours per | Hours per 
wee week, week 
RP MiymManeere see eee Oe beeen aon a aT ae ad PEE ret 10 17 9 
PUuWehamberlain’ 31.0 caswh oseaes ck locawaicte ee rae roe ee 23 25 25 
AS MO Wane le se Aa sat crime ane ne eiy Mine ue Seb ee ccd eI 16 14 19 
[ORE TASES Lie ee On A A AUREL oS GO Ot eee ee ee ee er 6 10 9 
1 felie eta e0) eee ea Ae Ren Lee Ree ee eae e aan RN TE OAS STE a. 29 22 17 


As has already been intimated an institution claiming a progressive 
policy must be alive to the constantly increasing demand for an exten- 
sion of its scope of usefulness to the people of the State, and moreover 
through increased offerings is the opportunity to the prospective stu- 
dent broadened. With the work already in hand and by offering pro- 
jected plans for future development both in the teaching facilities and 
extension work may we amply demonstrate the validity of our claim 
to a needed increase in the present corps of instructors. The courses, we 
deem it feasible to introduce at this time, aim toward development along 
two lines; for veterinary students and yeterinarians on the one hand 
and students of agricultural pursuits on the other. 

With the ever increasing responsibilities obligatory upon the trained 
veterinarian and new avenues constantly broadening the field of work, 
the state college should be keen to the necessity of offering its facilities 
to the graduate practitioners of Michigan and arrange courses to give 
them opportunity to keep in the forefront and increase their efficiency. 
We should then, as soon as possible, and indeed, ought at once, make ar- 
rangements to offer short courses and conferences for practitioners, 
plan a week schedule for the winter season when professional duties are 
less active, in which should be included attractive methods for pursu- 
ing modern surgery, for studying parasitic diseases, live stock sani- 
tation and research into problems incident to infectious diseases, ete. 

From the standpoint of the student the work offered has constantly 
been of high grade with additions and improvements from time to time, 
and if manifesting weakness at any point we believe it is along the line 
of medical clinic. Efforts are to be made with a view to improvement in 
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this phase of work and it is possible that through the cooperation of the 
Lansing Sanitary Inspector, an alumnus of this division, we may find 
a way to increase our clinics in dairy cow practice which is becoming a 
large factor in the daily work of a practitioner. Our new schedule will 
permit ample time for some arrangement which should be of distinct ad- 
vantage to the College and tend to make strong practitioners. 

During the past two years advanced courses have been added in veter- 
inary anatomy and animal pathology, thus affording graduate veterin- 
arians a chance to pursue post graduate studies. Recent graduates have 
shown an inclination to elect this work and it might serve to encourage 
them if one or more of such men were yearly employed as assistants to 
do a small amount of laboratory teaching; this is we believe practicable 
and can be accomplished by offering assistantships with, at least, quar- 
ter time allowance. 

Turning to the second phase of additional teaching and courses for 
students engaged in agricultural pursuits, we are persuaded that there 
is need for revising the Veterinary Science course now elective to senior 
and junior students and we have recently completed an outline includ- 
ing both required and elective work, which, if adopted, thus combining 
both laboratory and lecture work, will unquestionably make the course 
more valuable. The aim of the revision is to give the student as much 
definite comparative knowledge of the structure and function of the 
animal body as time will permit; to embrace a knowledge of preserving 
and promoting health of farm animals; to consider briefly certain con- 
tagious and infectious diseases and to discuss common diseases and ac- 
cidents as regards cause, symptoms, prevention and first aid treat- 
ment. We believe it would be to advantage if the required portion of 
the work could be scheduled early in the Agricultural course. 

Another course we desire to offer is an elective on poultry diseases. 
Poultry raising is an industry worth millions of dollars to the agricul- 
iure of this country but subject to the ravages of both parasitic and 
contagious diseases. Accordingly lectures with some laboratory study, 
extending a single term, should prove popular and beneficial, but this 
would mean under present conditions over crowding the schedule of 
available instructors; and again emphasizes the need for additional help 
if the division is to progress, realize its ambitions and reach out. 

On a previous occasion we suggested the advisability of establishing a 
six year course of study enabling students to simultaneously pursue 
work for a Bachelor of Science degree in Agriculture and a Doctor’s de- 
gree in Veterinary Medicine. We have worked out a tentative schedule 
which includes the entire required work of both the Agricultural (ani- 
mal husbandry) and Veterinary courses, together with a fair distribution 
of the electives of the former and believe the plan to be worthy of seri- 
ous consideration. This idea has since our previous mention been fully 
developed and inaugurated in at least two state colleges, Michigan Agri- 
cultural College should have been leader in this as it was in developing 
higher standards for education of the veterinarian. 

The Clinic. Reviewing the results of the first full academic year with 
the new building, we discover that it served as an impetus and added 
material benefit to the work for which it was especially designed, sur- 
gery and clinic. Clinic has previously been referred to as viewed from 
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the standpoint of medical cases and when we endeavored to show how we 
may possibly improve this phase of the practical instruction so essen- 
tial if we can hope to make a large proportion of our graduates compe- 
tent as general practitioners, but, on the other hand, we have only 
commendation for the continued high grade and excellence of the sur- 
gical clinic. Each college year showing development, the recent one has 
exceeded any previous equal period, and has furnished each member 
of the senior class more than one hundred different cases upon which to 
study symptoms, become familiar with methods of treatment and prac- 
tice methods of handling. The new schedule will increase the total clin- 
ical hours from 592 to 780 hours. Below is appended a list of medical 
and surgical clinics as submitted by Dr. J. P. Hutton, Clinician in 
charge: 
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A tabulated report of the medical clinic for large and small animals 
treated from September 1, 1915, to July 1, 1916: 
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A tabulated report for the surgical clinic for large and small animals 
treated from September 1, 1915, to July 1, 1916. 
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Paralyeis,hectal.§; sc.» 3 ako ee ee a, Se iets 
Paralysis, Maciale! ico Syceihe hee ane Ce ee ee | 3 
ParalysisuPharyngeal.. cca ywak teeemeeh ace me eh eee 1 

hymosig’) Teas wernt ee eh eatin ee tk erect RT 2 
POdGde ria ti fs se: 62 1.yen ee Ga cee ee eT el ce ae 7 
Penetrating StreetyNail' (1.4 wed...s yonec seinen thas Sie Renee 3 
Post Parti Paresigss ys. sateen Ree eo ne ae eee 
RV OMEb tay. ELA neta) ol On Rea er he Wei 3.04 alae Se) AMEE 1 
Prolapse; Vaginal eee sheen lees ey chao ni inet Som eal ae 
Rersistant; Urachuigs son She oatan ance eke ee ee Lee 3 
(C1 Ul) OR aM eek Ses Ore Se OPN ES Ve a ie wane gt Mea: Fy 5 
RUAN SB ONE 05505 «(ied iets RIE ERE eee 9 
Retained Ub lacenta:ne-:, sia ae ene ney aes ore en een 3 
DBAV IG BOLE: <5. o Sac eae eee 7 
SSVIN BOR 8 5 acid ae ee ee ee an 3 
IGE MB ONG! tri ocaccieg a sea eee On eee 6 
Uline erecta sc «Shp hat ee ee 11 
Beralches ie soe sea. o ae hte ae he ns ne 5 
PloulderMamenesars. = 0. 2. tect oe ee 3 
PUCCINI OY abet otis Sete iesvalals ae aie eda oe a 
Parl Am putailonlObwwanena tates fo) ee ee 
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Horses. 
Poultry 
Total cases. 


SLRGS sa] Tal yaya, 26 oe ea ee ee ne ne 
Tendon Contraction 
Tumors, Inoperable 


PRIOR AR ETHONEU ee ke) fA nn? oe ee eS oak 
Teeth, Sharp and Irregular 
emesis oo). Le orem eas « SC eee be foe aes Ben leat e. RCI a rat, 
TELAT, LONE a7 be RE td a Mee cm ec ne ag 7 Nel ees SEY (eee fe | ait el doeister| late Meio 
SUCRE MET UMCALCH <E reattach sine cas ie een ee. ( fel irgemeey| eral er ale Se [2 58 Sed eo al 
TENET a Sn SC OOGe SEED SS ea ae nen ee Rp at jn i ERR a SEES 7 ee) eed ewe oslo! (ae anal in natal toate 
Wuaiiicmlercerabed oc: Say ca toner oreicd eae eens Orn Gee earrel Pres breilcmmie [cna ce aaee tea coean er 
| | | 
anne Gon fused eee Aah Le Lae ne eens toe ee AY £24. ee el WOR el IOS 1 | nee ee 
WyOunidsslncised secs e= Seon ean ee Mine ae Aree enh Ce 2h lhe. Nei Veal IES egos joe Ieteraeeeees Lestat ll ears 
Wins ecme trainings 2 vitsen le ciclejeree ea eee Ton aoe eee 7d ee ea eter talic consists pret ereereicge (tee ants ae 
FCO BNSC rates) Nee Sen smart eiwreinn GARNET ot hae 3} leas {arcteresera| Te state oe | 2 ci 6 |aeaan ol mace 
platen ers ox capers 
| | Re erg Sa 
SBI ON ONE ents 5 sits hanes sv a eRe b.o bee eB | 246] 132 | 2 5 | 117 | 23 4| 529 


Students and Alumni: Realizing it was becoming more manifestly 
evident each year that courses already included in the curriculum or de- 
manding recognition of veterinary colleges lacked the time essential for 
adequate instruction, this division from the beginning pioneered in de- 
manding an entrance requirement of fifteen units together with four 
years of under-graduate work. In the face of a competition incident to 
lack of age, our higher standards of entrance requirements and a longer 
course, we have demonstrated an ability to prepare men the equal 
of any in competitive examination, and equally efficient as practition- 
ers, Showing at the same time a steady consistent growth in the number 
of students registered annually. 

Our graduates, though numerically few, serve to demonstrate the di- 
versified field of opportunity and bid fair, through the value of their 
industry, to return substantial dividend upon the investment by the 
State. In the appended table is shown the number of students by classes 
from year to year, and graduates accredited to the division together 
with vocational occupations. 
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CENSUS OF VETERINARY DIVISION, 


S S S =) Ss i S 

» ~ e ~ ~ 

Si | $3 | Bs | 84 | Bs | Ss 

oe on ® of © ot ® o 

ge | 8 | $2 | Be | BS | Be 

= ph, =e i= | ebay af hy ona! 

oO oO iS) oO Oo o 
FirGR ICH ee cee Greene oie sno wuciot Ra eee alt Shier eateaene er x0 *4 8 11 19 24 
SHOPSHOMOLGE gers, cis arava sie/etatele te eveis 5 a ty drosayate apertrateNtl are ecciptnne ekafls Sieve aie | 5 by 10 10 12 18 
STIL Gees AAR N OU OSA CUONEO OF Oo OCH eOS Aout Adon halt | 0 5 4 10 9 12 
SOT B54 Sg0 BOR EH EEO EOC nce Geo REE Peinonicoter oe casrin 0 0 1 3 10 6 
Total-year-enroliment..29 405. c.fe woe, abe ence myaee cere eee mall 5 14 27 | 34 DOM |e moe SOU) 
GUTSCUALER: fogs Sale ei oa a: dels slat nes Shoham bimjenetain aie tel tie tr Mee 0 0 1 2 10 6 
Entered previously as sub-freshmen.................000-eeeeee | re 2 4 xx2 4 0 
Graduates engaged in practice............... Bee DINE cep Bee ete news rorescie pe 1 4 ##4 
Graduates with Bureau of Animal Industry.................-.- Ieeccs cope Wee icerne atte | cee esate eee | 1 1 
College tr investigation: Works. 25.2 Serco ai a's custo, sind tielo mite tete van tel sfeie'roteyal| nraestaanets) | hsereretestate 1 Dl eeathe 
Gradtiatesiin' the (U. SiArmiy.. ii bcc oG hed ook co ecemrt eds cle = oye Mota stece cvorll Pekerever iene | eperevenetensteu| Oi erent 1 le ee 5 
Graduates engaged! as) Milk inspectorsintir janis aut. edtarte eels ele eereal ie yriceetetel| (oie sree VALP | OS Sereek 1 eee 8 
Graduates engaged in Commercial Biologies.................... Wee ccc sl [ite ve pred toe earn | eee ) ae eee 
Graduates taking post-graduate work.....................-.-.- eS emer aie te erie clan cad oa. 1 
Per cent of graduates in or contemplating practice at this time... . | staid deems. lagtanne does | arate ovegetokal | ata Gretta | eee 53% 


y City Sanitary Inspector and practitioner. 

x First freshman class 1912-13. 
xx Discontinued with fall of 1914. 

* No regular freshman class, four special students. 
** Not all definitely settled when report was writen. 


Research: Naturally, our first duty is the making of men competent 
to apply the knowledge and facts acquired during their college career, 
but, even so, we must not remain ignorant of the enormous resources in- 
vested in Michigan livestock and the present high annual death toll, and 
we believe the valuation of animals in the State, approximating $175,- 
000,000, warrants our urging further resources (through intimate rela- 
tionship with the State Experiment Station or otherwise) that will per- 
mit of our active cooperation toward curtailing, if possible, some of the 
annual losses sustained through animal diseases. Taking federal sta- 
tistics, January 1, 1916, estimating the nation’s investment in farm an- 
imals at $6,002,784,000, with losses during 1915 of $222,850,000 or .087% 
and applying these figures to Michigan, we can assume that, during 1915, 
farm animal losses within its borders amounted to or even exceeded 
$6,000,000. Now, no disease can be said to be understood and worked 
out in every essential detail; but we must admit that many are prevent- 
able and that the ravages of others, of epizootic and infectious type, can 
be very materially lessened. Here then is a field in which we ought to 
be at work, a field appreciated by at least four states, New York, Penn- 
sylvania, Kansas and Iowa, where facilities are afforded the veterinary 
colleges to engage themselves with, and investigate problems incident to 
animal disease. 

Under our present organization a closer relation can be discovered 
between argicultural and veterinary affairs, but we are even yet holding 
back, although there is great opportunity to work to the advantage of 
the livestock interests through increasing veterinary efficiency on the 
one hand and, on the other, discovering if possible, better ways for pre- 
venting animal loss. The report from the Department of Animal Path- 
ology will show that during its first year it has filled an important and 
growing demand in the field of diagnosis. A quantity of material has 
been sent here from veterinarians, farmers and the State Live Stock 
Sanitary Commission for diagnostic information; this should be encour- 


DEPARTMENT REPORTS. 157 


aged as it naturally adds value to student instruction as well as serving 
the people of Michigan. There is need and measures should be found to 
permit us to inaugurate, investigation work upon a larger scale upon 
problems incident to forage and plant poisoning, the so-called Grand 
Traverse disease, poultry diseases, parasitic disturbances, diseases of 
swine; and, indeed, numerous economic problems in prophylactic medi- 
cine are worthty of consideration by the Veterinary division. 

Anti-Hog Cholera Serum Manufacture. Beginning July 1, 1908, the 
College undertook to manufacture and distribute anti-hog cholera serum 
under the supervision of the Department of Bacteriology and Hygiene. 
This work, September 1, 1915, was transferred to the recently estab- 
lished Department of Animal Pathology, thus becoming a part of the 
Veterinary division. The plant has continuously manufactured anti- 
hog cholera serum for the benefit of Michigan swine growers, and dur- 
ing the past five years that Mr. W. 8. Robbins has had immediate charge 
of production, the output has annually increased from 135,000 cubic cen- 
timeters to an amount in excess of 648,000 ec. e. for the fiscal year just 
terminated, with a reduction in price from four cents per c. c. to .011% 
cents per ¢. ¢.; and this without any expense to the College as mainten- 
ance, equipment, salaries, ete., have been taken care of through receipts. 
That this demand for serum will continue is unquestioned, as farmers 
are fast becoming familiar with the value of biologic therapeutic agents 
in combating infectious disease, an education which is rapidly spread- 
ing through the influence of county agriculturists, county live stock 
agents, veterinarians and others. 

The serum distribution is indisputably of great economic value to an- 
imal husbandry and indirectly to meat food consumers. If its distribu- 
tion is to be continued under public control at prices so favorable, and 
the writer hopes that it may, the work should not only be encouraged but 
advanced in every feasible manner. A request has already been placed 
in the hands of the Board for permission to enlarge the anti-hog cholera 
serum plant and we trust that this petition will be favorably considered 
with a further provision for making arrangements not only for increas- 
ing the output but for facilitating provision for an adequate bleeding 
room, immunizing quarters, storage room, improved sanitary arrange- 
ments, further equipment, etc., all of which the plant can take care of 
through the output. Again, I would ask that measures be provided for 
putting the plant on a recognized footing through obtaining federal 1li- 
cense. We do not seek this government recognition for purposes of in- 
creasing the sales or unloading a surplus through interstate shipment, 
for I maintain the plant should be conducted for benefit of Michigan 
swine growers. The suggestion is with a view to placing our product 
above reproach and giving it that status its quality warrants. 

Extension Work. During the past year members of the division have 
engaged whenever possible in Extension work, furnishing information 
relative to the economic importance of controlling animal disease and in 
so doing have taken active part in grange meetings, institute work, 
farmers week schedules, agricultural meetings and veterinary gather- 
ings. Considering it is work of utmost importance both to the division 
and to agricultural progress, it offers another argument for increasing 
our teaching force thus facilitating its greater efficiency. 
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Again, if, on the one hand, county agents are of value to agricultural 
progress and, on the other, it is conceded that veterinary control work 
is the very foundation of successful animal husbandry, we are not un- 
reasonable in urging the engagement of a graduate veterinarian as an 
agricultural agent to educate the rural communities with a view to con- 
serving the resources now invested in the animal industry of Michigan. 

The American Veterinary Medieal Association convenes in annual 
meeting in Detroit during the latter days of August; some of us have 
for years been identified with the organization, all connected with the 
division are members; it would seem fitting were some substantial ef- 
fort made by the College toward taking active part in helping to enter- 
tain the national gathering. 

Requirements and Recommendation: The remarks included under 
this paragraph title, without attempting to overshadow the suggested 
requirements already included within this report, serve particularly to 
emphasize our present most urgent need. 

With instruction improving and becoming more efficient; with re- 
search work advancing in all phases of animal husbandry or agriculture ; 
with our material equipment accumulating and the student enrollment 
steadily increasing each year our immediate requirements are strongly 
in evidence and in view of our pressing demands we urge you to recom- 
mend the division to the Board for help as herein outlined. 

The establishment of the division in the winter of 1910, found the 
building equipment and teaching facilities entirely inadequate for a well 
rounded veterinary course and we accordingly immediately undertook to 
develop a projected plan for improving and increasing our teaching. This 
plan as already submitted to the Board proposed a group of four build- 
ings designated respectively surgery and clinic, anatomic and patho- 
logic laboratory, pharmaceutical and physiologic laboratory and lastly 
a medicine and administrative building, these so located in the form of a 
square as to embrace a court upon rear of which would face the present 
surgery and clinic building thus affording an adequate outdoor enclos- 
ure. The time did not then appear propitious to carry out these plans 
further than the early erection of our excellent, fireproof Surgery and 
Clinic Building even though it was even then difficult to determine what 
solution to make of the problem for housing anatomical work. At pres- 
ent the microscopic laboratories of anatomy and pathology courses are 
temporarily housed in the second story of the new building with gross 
anatomy now moved to the east wing of the old Veterinary Building, but 
both departments have already so outgrown their present quarters as to 
greatly endanger efficiency with the increasing enrollment. 

Our recommendation is a building—Anatomy and Pathology Building 
—for immediate combined use of the aforementioned departments, a 
building so arranged as to provide microscopic laboratory facilities for 
microscopic anatomy including histology and embryology and for path- 
ology, quarters for museum collection and display, for postmortem work, 
for gross anatomy or dissection, for both veterinary and agricultural 
students and such other needs as shall serve the departments and where 
they can be adequately housed to give satisfactory instruction in these 
important technical branches of the course. I invite inspection of our 
present quarters during class room periods and further call attention 
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to the equipment in buildings and material in the veterinary depart- 
ments of other state institutions where sums exceeding $200,000 have 
been appropriated. This building we believe can be erected for a sum 
not in excess of $50,000 and would undoubtedly serve for some time to 
come. 

In closing let me again commend those engaged in the instruction work 
of the division for their painstaking and efficient work—lI beg to remain, 
sir 

Yours very truly, 
RICHARD P. LYMAN, 
Dean of Division of Veterinary Science. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DEPARTMENT OF ANIMAL PATHOLOGY. 


President F. S. Kedzie, College: 


Dear Mr. President—I herewith submit my first annual report on the 
work of the Department of Animal Pathology for the fiscal year ending 
June 30, 1916. 

The instruction work given by the department for the year is as fol- 
lows: 

FALL TERM. 


No. of | Hours per 
s‘udents. week. 
Pathology 18...... oa eh : ; Se ; 10 7 
Pathology 29... P nC a : es ; ae be +o 9 2 
WINTER TERM. 
No of | Hours per 
students. week. 
} 
PasiOlor val OL ayers Mek Rin ea SEEN ce ce: tet tek eee ed me Oe SE Pel 7 5 
PARHOLOR Yo linatrs fo net aap eS I we eo Bie Coe om he Aide on eps ernie it CK Ot 7 4 
BZN OOR OAPI RaeE oor herts al cl, ae Benen obese SOU) a ee eet Tee ead 7 1 
| 
SPRING TERM. 
| No. of | Hours per 
students. week. 
PI GAICING (4) Oren Octet Seen or Un Ma tin cha ates est skecaaye 8 Banna? AGat HAL Me antec rey eas eee 7 4 


. One of the students listed in Pathology 18 is a graduate student work- 
ing for the M. S. Degree and pursued this course as a minor through- 
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out the year. It is gratifying to note that animal pathology is attract-’ 
ing the attention of graduate students and I am pleased to report that 
three graduate students have planned to pursue the course for the com- 
ing year; one who will take it as a major and two who will take it as a 
minor. 

It will be a policy of the department to offer its work not only to 
veterinary students but to others interested in animal diseases who are 
qualified to pursue it. 

I regret to report that very little has been accomplished in the nature 
of extension work in animal diseases. It appears that there is a great 
opportunity for service in this particular field. The work of the de- 
partment has been limited to answering letters asking for information 
and to some institute and one week school work. On September 17th, 
1915 the writer attended a meeting of the farmers at Maple Grove 
school, St. Joseph county, and gave a talk on hog cholera. 

October 21, 1915. Attended a meeting of the State Guernsey Breed- 
ers’ Association at Marshall and talked on abortion and sterility in cat- - 
tle. 

October 26, 1915. Accompanied Mr. C. L. Coffeen, County Agent, Len- 
‘awee county, on a trip through the county in the interest of hog cholera 
control work. 

December 10, 1915. Investigated disease of western lambs on farm 
of Mr. B. near Richland, Kalamazoo county. Trouble found to be due 
to tape worm infestation. (Thysanasoma actinioides). 

December 16, 1915. Attended meeting of Farmer’s Club, Three Oaks, 
and gave talk on hog cholera. 

December 27, 1915. Attended one week school at Saginaw Town Hall 
and gave instruction in contagious abortion, parasitic disease, disinfec- 
tion and disinfectants and stable hygiene. 

January 4; 1916. Investigated disease of hogs near Kalamazoo. Trou- 
ble found to be dietary. 

February 10. Attended round-up institute at Flint and gave talks 
on stable hygiene and infectious diseases of live stock. 

February 17. Attended farmers’ institute at Portland and gave talk 
on infectious diseases of live stock. 

It has been the privilege of the writer to continue to serve the State 
Live Stock Sanitary Commission during the past year as Animal Path- 
ologist. It is to be hoped that the present relation of the department to 
the Commission will continue in the future. This relation not only af- 
fords an opportunity for us to reach the people and become more fa- 
miliar with diseased conditions of live stock throughout the State but 
furnishes us with an abundance of diseased animal tissues which are of 
great value in our instruction work. The greater part of our work for 
the Commission consists in the examination of diseased animal tissues 
sent to the laboratory, but occasionally a trip is made to investigate 
some animal disease. During the past year the following trips have 
been made for the Commission. 
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September 15, 1915, Kalamazoo. 
September 25, 1915, Adrian. 
October 2, 1915, Kalamazoo. 
November 19, 1915, Leslie. 
March 30, 1916, Ionia. ~ 

April 27, 1916, Howell. 


AUTOPSIES AND EXAMINATIONS OF ANIMAL TISSUES. 
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During the past year we have held autopsies on animals as follows: 


NU Be Nee het syn es A CERES le bre BU ee Sees ae 
NEON cis ee enicecs Bee. eae es eee ee eee 
LESTE eon tee, a ers eS aR carers wrara iene cede: APTS 
STA AN Ea cent th Oh SE lh ual Aha oe ce Or eee aR et MWR lay 2 
PEE SORES oer has iene aie fans ein oe aa ohne 


Among these we have found: 


Res Chiles 8 si 0d oe a cape ict eh Os ne Been ies a 
Parulent uenmonia, Hoe s:7.\. 223 ket «ase ey oe ano 
HOU AE  HUECHMOUIA, «RAG eure sheycios Seles oh aie Ete ee oe 
ETP MUL EIS SOD Sate t oc os settle 2m Jinin soe oh conse, Ce eae 
Eepatins and spereardites, hoe 15.2055. 2s Soe ee 
GANT CULCEILIS: NOG -.c Sai sis stein eos oe AS os 6 Oot Oe 
Merminous pheumonia, HOG! a. ot... sale. <r ote es ee 
Acute gastro-intestinal intoxication, hog ............. 
Parasitic blocking of the bile duct with icterus, hog... 
EVO: NEPRTOSis: NOG2: iz a. aon. 5/2 Oso ochssete «oieke Bidlaroaeee 
Bepticnemtia, | NOM. stipes sc hacpterasia Fyoye diate) te gee 
Rupture of abdominal blood vessel, hog .............. 
Pabereniosis,.. CMCkKeM 7. oss. dayehe ne dcdeig Can eae ls 
Broken’ ego. in.oviddet,, Chicken .742 2. cstets. «an sient 
PHeumonia.; Chickenirs «teat sre Jejadenate cxinde 245s as 
MECrOtLC: SCOMALITIN,. CHICKEN p55 o's. sis, -- aisle rakes es 
Intestinal and external parasites, chicken........... 
inipaction: of. crop,” chickens siigsgie rsa sp iemaietsin’ 
Roup, chicken ..... Speers reco fear ree 
Catarrhal enteritis and taeniasis, chicken ........... 
Chronie- permonitiv;, chickent pct dee siccaleye nine eee 
Contagious epithelioma and diphtheria, chicken...... 
Chronic hepatitis with hypertrophy and dilation of 

left side: of heart; Chicketisiadimn. ovr dss sighed 
Thrombosis of bicuspid valve of heart and dilation of 

lefe- auricle: Chicketi-. <i asepo is setae se cies sis 
Abnormally developed heart, chicken ..............+-. 
Constipation, chicken- «.. .sc. Fe) sais erlee Yee ences eos 
Stomach worms, sheep ....-..c.ccerceveseveseveeces 

21 


ee re ee a re en a a Goria 
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Purulent pneumonia and pleurisy, sheep .... 
Thysanasoma actinioides, sheep ...........sceeeeee. 
Nepnritis, Sheep: 2. o.c66 a.0 > 90 eee ee Oe 
Constipation,~ lamp) sss ros aero nee oid 
Pulmonary and gastric parasites, sheep ............. 
Acute. indigestion, Sheep: :/c2 22 = = cates) eee ee 
Metritis caused by dead foetus, sheep lied s omens 
Catarrhal emterttis, calvesihe< im 26j.2ts.-tee hee eee 
Gastro-intestinal intoxication, calf ....,.......5...... 
Lobar pneumonia, calf ....... Sella), tahoe ae 
Mastitise Sew? \a..0tssa ke Ge seas este ee : 
Purulent pneumonia, cow: «4.0. -.< 00 “nde aeates of cae 
Malignant ‘catarth) cow <4 Sc. <.5..4> eee aes ee 
Pneumonia and uncinariasis. (Bunostomum phleboto- 

TITAII), Cabhos.r eeaceak ee a's; aieei.g a) ois capers = dete ee eae 
Pyo) metritis; NOTSe aco arn. «vee ste ys oth eee ee af 
Acute peritonitis from hepatic abcess, hor S@r otis ethers : 
Phlegmon pectoral muscles, horse ......... 5S Nacmaaetors 
Necrosis larynx, and stenosis of trachea, horse........ 
Gastro enteritis, dog ...... Seatehsyece a oheta ce er 
DISLEIIPErS AOR ee Fike ale oo ee eee <= ayaeeee oe 
PEritONEtIS;, MOP we oo. oa ois ss no edie oe aout eee 


et ee ee eo OO ed OO a od 


ee er 


In the case of eighteen autopsies held it was not possible to make a 
definite diagnosis. 

There have been 125 examinations of tissues from animals during the 
past year. In some cases the tissues have undergone such post mortem 
decomposition as a result of improper packing that a diagnosis is not 
possible when the material reaches the laboratory. 

Out of these examinations we have recorded the following cases: 


Hog rcholeras: te... A eh y, eeas ees eines oles Sa ate ee Ae, 
Hydronephrosis: Noe. :2.3% 4.08. e oe seals es Pe bear, 2 
‘ystic kidney and necrosis of kidney, hog ......... ? 1 
Necrobacillosis, foot of Hoe =... ee Ss eee ‘ if 
Purulent pneumonia, hoe. 25.0.4.) 2.0h. se 4 os eee 
Actinomycosis, mammary gland, sow ............- oe ae 
Malignant CALATED. COW: 1-5-9) ob eceticeia on See ee oie tence 5 lez 
Fibro sarcoma, cow ........ als Als “s4n0 Sella aie ee ee 2 
Babroma, cow v- : Se RaMeiac givers Sie ie 24 ta 
Endotheliomata heart cavity, GON \7s sala eee a Ee “hada 
Papilloma,. cOWs >. ceeh ee sha ta lla Meter le ORR? Sigg fet to 
Tnherenlosis, cows. 20.5 5 Nc pe ee i tan PPERANCUM | 
Necrotic Jaryngitis and glossitis; cow .ctec 456-402 ee 
abies, COW? sae s ene J ae gsat a as atthe apie ei oye ee 
Necrosis of liver, cow ..... EE AaE ie hee Petes 5a 
Oesophagostomum papain COW 2, ieee yee tes 20 eae 
Actinomycosis, cow ..... Sia ie Ae oe SESE 1 
Traumatic pericarditis, COW Sinssect Me Dh evaavete oie, Laas a 
Purulent pneumonia, cow ..... LOG RAGIN S sepa ee 
Haemorrhagic-septicaemia, -COW. i: fect ee hee ate Oe 1 
Oesophagostoma Columbiana, sheep ...............,. 38 
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Verminous pneumonia, sheep .........:.... lamer aie 2 
Chondro osteoma, horse ............. ee etme ein, ol 
PERE Os MTOM NGERCS 2, -.% be likcstoacsteyee tone eb waite, eee ae i! 
PUM MOESE- fete shoe vitae ose + ataie data eer ett eerie s 2 
eine onmey,, NOVSO. conto aes: < Sst aoe eine ee Sac se See | 
Satecosear cinoma, WOTSE-. 2,52. oars aletebaieesumccieteepetl’ sashes 1 
Sclerostoma equinum pancreas, horse ............... i! 
PORTER CTA: WOUSE™ 2. oe Sa ete soc, aah eee eect gt ek Baers i 
PSMENEEVASIOS MOUSE: <s cn. ¥ 5 ect a 2 es tim Sey Ceacs aae) e ae ca e 3 
geparecCerTnOSis: SHOPSE 3 c)°) A Dan < baphostnee wee was eet 1 
Encapsulated yolk, abdominal cavity, chicken ........ 1 
PRMMe HOM CHTCKET 654s ots, soe.are «eo, oe tee de hie ake eyeer ha di 
Warelan yee CCR Ny 22%, cals nc 4-ohes Geis Siem ag o0e soe eee i 
ERT ate -AUSCOSS, CMICRENM! fhe sc 2s tappets ot a ase teas oat 1 
1 EDL TCETTIG h i a oe Cr nee nee ao RP te a 1 
MpiGed ex, SCAMNES “MOONE | ts cui BP. Ue Geka sual ee aa ee 3 
Surcoptic: scabies, dog *...... asc... pes eca eos Reacts wate! i! 
AON R uA is Baie tes iaee ce de 9 Sheard cca eiciesh’s «in id. o' oh anes os Sy 1 
Trichocephalus depressiusculus: and ascaris marginata, 

SIG) ie Siete oe ae warpage Se ays SA ays Ns cede aeeel oc eRe 1 
MOET SCA DLCR ot RAE oo as aPRe asain nah sah eign ane alee ae Dg has 1 

Mr. W. 8S. Robbins who has continued in charge of serum production 


submits ae following financial statement of serum production for the 


past year: 
FINANCIAL REPORT ON HOG CHOLERA SERUM PRODUCTION. 


NCEE CISTAGC ETE ET RLU lice too) cere esi 70 8S alte nial Sins Seated vdoee FA ohsvesiettay ee Om aiencciace ee A Ende sus vaial ge baia eel aencls $1,180 10 
Hay, straw and roughage 63 83 
SOW n rere «aye tole eG aes clot tne coms 2,468 14 
LEE SCT PS Gero Gee CR aEEe Oat PISCE 3,040 00 
Apparatus and sundry items 279 87 

TEE as set a aor aha ee oe MN a es Sea ort Pee ACE oe OID ois FONE Cer Ronee $7,031 94 
Actual receipts for serum and virus and outstanding accounts................ee0eeee $10,386 53 
ACHIVALPECEIPERLOL DIGS oa Anis ie aioe Sete She Sears Oe aEe ate eee Bie o eler ta aver eee etenai a. at ey eNohalag 1,262 21 
Value of tested serum on hand af 17¢ Per C. C..0. 6 ck. cee eee ee eee ow eee aeons 3,045 00 
NEL CHOOSE IT, WOE) OMNI ANG.< 2c.05 ora ecaltabsistes) oPaaie anaretgioiena musta auspate eis okerege lateral esc a tavers 1,120 00 
Value of hogs not in work, on hand (market  price)/t2 se crs cree eevee coe iaieve > siecle stevers cs 382 50 

TRE LIEE ag in? eo et on PRO es RR ey ae oer eNO een EE Rete Ae ey © ant Pe IRE et ec ERA Re ree art $16,196 24 
Value ot MToductsonchand. SUL ysl ALOU e see rae nth ore at atetan tele cf cise erree sien ent a sualteen ate 5,655 00 

AC UAlaVALIeCLOL DIOGUGES tO/GalOns cere fone ct oe ook Sone ravact MIs taste oath oatehatetelelsts $10,541 24 

SERUM. 

Motalnumber exc. tested serumion hand: July 1, U9PSs. 0 Oss oe alec eee Mace n ve helorle se 96,400 
Total number c. c. untested serum on hand July 1, 1915. ....... 02.0400 2s esecnereee 287 ,000 
Total number c. e- drawn and mixed during year........... 6. ewe ener ces ssecs 552,015 

POUL he cle choles ie AST eee ee ole ete aka ojo e MORENO etre aCe Pad Re arene he Lets aiacse tre 935,415 
Total number c. c. serum sold July 1, 1915 to July 1, 1916.................0ee eee eee 686,660 
Total number c. c. used for testing and experimental DULPOSES Mc tae <a ee ae chews 22,000 
hotalnamber, ¢.c: sed on Collece herd.....«():s.) acres te coats Bano ie ein ee, ea adig ase as 17,755 
‘Total number.c. Cc: mixed and tested, on hand Julysl, 1916. 22 ses. sae Seeiclee Oe es 203 ,000 
PROLAL INDE C 1G. DICAKBLO:.%s svete. «st aie, 5, cate 1 Macalerehekd he ookalct te ae eae at veils Sina hy sae oan 6,000 

RCMP Wek 55s £100 5 echo 5-x et Aio “aca avo heh SPOS Ee a ee SEO SEs ts = 935,415 


Respectfully submitted, 
E. T. HALLMAN, 
Associate Professor of Animal Pathology. 
East Lansing, Mich., June 30, 1916. 
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REPORT OF THE DEPARTMENT OF ANATOMY. 


F, S. Kedzie, President, Michigan Agricultural College: 


Dear Sir—<Accepting the opportunity, I herewith make the first annual 
report for the Department of Anatomy which has been officially recog- 
nized for the past year only as an individual member of the Veterinary 


division. 


The work of the department has been handled entirely by myself ex- 
cept for three hours’ assistance in laboratory during the fall term ren- 
dered by an undergraduate student. The following table which is self- 
explanatory shows in part the work done: 


Course. | 


Fall Term: 


la 
MANBCODLY, =; cehettestsuciers oie cacbotetekesyeteecen « 2b 
Anatomy... se. RIS WS EERIE 3D | 


Spring Term: 
ANN ACOINY jas erehetieneroeiereaetonahete micactoramaie te 


Wa 
ANALOMY. 0: ote cr en ee 2 || 
ATIALOMIY in) sete. s ncevslotahe siete aintenc he eltelo ks fare 3c 


ee ae | 


Lecture, 
Hours. 


239 


Laborat’y. 
Hours. 


864 


Total. Students. 


Hours. Hours. 
130 20 
104 21 
121 5 

96 19 
84 12 
96 16 
88 23 
77 12 
55 18 
851 146 
96 7 
96 7 
60 6 
1,103 166 


Further time is required to prepare gross and microscopic material for 


laboratory use. 


During the year two illustrated lectures on anatomy and poultry dis- 
eases were given at the poultry round-up, one lecture before the Society 
of Comparative Medicine and one at the banquet of the Battle Creek 
Poultry Association. Solicitation for the preparation of articles dealing 

_ with the diseases of poultry have come to me from a poultry journal but 
there has not been time available to comply with the request. 

The work of the department warrants the services of an assistant on 
full time. Further the department needs less intensive quarters. The 
work in microscopy has been crowded since its inception. Since the 
laboratory for gross anatomy has been used as an embalming room, 
storage room and for class work in dissection, although the room is not 
large enough for any one of the uses to which it is put, the triple use 
renders it even a dangerous place for some students to occupy, partic- 
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ularly those with weak eyes and irritated throats and a disagreeable one 
_ to all because of a formalin saturated atmosphere. Considerable space 
should be allotted to the display of museum material already stored away 
and to the accumulating of specimens which pertain to the proper pre- 
sentation of anatomical subjects at present inaccessable. We hope these 
conditions may be remedied in the near future. 
Yours truly, 
F. W. CHAMBERLAIN, 
Associate Professor of Anatomy. 
East Lansing, Mich., June 30, 1916. 


REPORT OF DEPARTMENT OF BACTERIOLOGY AND HYGIENE. 


President F. S. Kedzie, College: 


Dear Sir—I have the pleasure to report to you on those phases of the 
departmental work for the year other than experimental and extensional. 
Changes in the teaching staff involve only the addition of Mr. L. C. Lud- 
lum who comes to us from the University of Michigan to take up the work 
previously carried on by Dr. Himmelberger. Mr. Ludlum had charge of 
the class in pathogenic bacteriology and immunity and demonstrated 
marked ability in handling the students and in interesting them in the 
work. He also conducted in a satisfactory manner one section in Bact- 
eriology le during the spring term, an arrangement made necessary by a 
conflict in my schedule. I have taken charge of both classes in sanitary 
science, given to the men in the fall term and to the women in the spring 
term, while Miss Northrup has taken on new courses in laboratory in- 
struction for the engineers in the winter and spring terms. Mr. Brown 
was kind enough to take charge of one section in Bacteriology 1a in the 
fall term because of a conflict in my schedule. He has also directed the 
research and major studies for the M. 8S. degree of Mr. F. O. Ockerolad 
who received the degree in June. His thesis, “Viability of Psewdomonus 
yadicicola under aerobic and partial anaerobic conditions,” records a 
very interesting and valuable series of experiments. Mr. Morgan has 
supervised the major work of Mr. O. M. Gruzit in Soil Bacteriology. The 
degree of M.S. was granted in June. His thesis, “The effect of some acids, 
alkalis and inorganic salts in soil bacteria in soil solution” is a valuable 
contribution to the soil solution studies. Mr. Cooledge has maintained 
his former enviable reputation as a teacher of Dairy Bacteriology in the 
courses for the short course students in Dairy Hygiene for the veterinary 
students and in connection with the laboratory work of Market Milk, 
Dairy 4. There is an increased demand for additional courses in Dairy 
Bacteriology on the part of the undergraduates and graduates, but we 
are already under the necessity of using the new Dairy Building for part 
of this instruction although the room and facilities are not adapted to 
our needs. Mr. Cooledge has had a number of students taking advanced 
courses in Dairy Bacteriology during the year. One of these men, Mr. I. 
F. Huddleson, is completing his major for the M.S. this summer. His 
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work deals with the effect of the milk in bovine infectious abortion on 
experimental animals. 

During the past college year, the 1915 summer school inclusive, 224 
students have taken bacteriological laboratory work. They are distrib- 
uted according to courses as follows: 


COURSES. > os leas 2: & 4252/8930 12 eee 
Number in course... 115 42 23 6 2 4 (> Oe 3 


{ 


Courses 8, 11 and 12 are graduate courses and have been fairly well 
represented during the past two years, there having been a total of 14 in 
1914-15 and 12 in 1915-16. Courses 25 and 25a are new courses designed for 
junior and senior engineering students who wish to specialize in sanitary. 
engineering subjects. They were elected during the regular scheduled 
terms, however, by sophomore engineers. In the spring term senior en- 
gineers were allowed to substitute credits obtained in Course 23 for 
credits unobtainable in engineering subjects on account of the Engineer- 
ing Building fire; seven men took advantage of this course. 

Course 2, the beginning laboratory course, has been crowded nearly 
every term for the past two years, the other laboratory courses have 
been correspondingly well attended and during the coming year Course 2 
is required of sophomore women in the winter term; hence there is a 
pressing need for more laboratory room. This situation will be taken 
care of this summer by the addition of a duplicate set of lockers through- 
out the laboratory. Courses 5 and 4 will then be required to meet at 
definite hours for laboratory work instead of electing any 8 hours during 
the week at the convenience of the student as heretofore. This will be a 
radical departure from the past method of conducting the laboratory 
courses in this laboratory and the coming year or years will give evi- 
dence as to the practicability of this arrangement, not merely from the 
standpoint of the mechanical efficiency of grinding out students with 
great rapidity, but from that of the quality of the product. It will be 
our endeavor to meet these changed conditions so that the student will 
not lose by this innovation. It has always been the aim of our labora- 
tory instruction to train and to educate by personal contact and super- 
vision and by the selection of a type of laboratory exercises that require 
cerebral as well as manual effort. Our new laboratory guide is proving 
helpful. 
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The following table shows the number of students registered in the 
various courses during the year 1915-1916: 


l 
| | Total 
Number of course. Fall. Winter. | Spring. | Summer, | for 
1915. hk ae 
| | year. 
Reta oiae eake 3) iale.2 chaos Sisters wie = SIG" lore scree ere treo Cieke 9 335 
MWe Oia tate Ne ieee etree Sale ninalaeane Oe SOUT rere oteniieke 4 295 | 919 
Li Cn 2 PORNO G Ete Re IO Orel (ea aie ae lickokeraraeheteieae 285 4 | 289 | 
ee ee era nae ee « 39 | 32 | 32 Oe eG a eee 115 
Dici SERCO OS CIOS COTO IO TEES 12 | 20 9 Lee tur atete tere o 42 
Pe eee Tes Ae Sle aie eke Lee Siw one 3 9 10 De Wegenet sre ohopeu sts | 23 
Parts vents, A a's MUnO og: secetehe net? 2 Bo eielaial enece eee |e etster eon, hobo 6 
1 cre, mR oC BCR et Oe GE al IG eee easel Por ane ee 1 1 eh ee: | 2 
Le sae CS Een 1 1 tal Jee Rees stotaae 4 
ESE En Rasy es aisle cease reese DOM |b atatxenetetent- siz eve see voehe ako Yen racer abete 51 
eran re No Sr bi Hs Regt bots teen duane sates oe onel| to vs fereeecstriens DAT ENE Re PRR CET Wrest potarnis Me 25 
LUT =, pee RC cag I ere eae eae tos ER NEE a ana Tea eorwtersvers ste [keer Pe orc aks, cores 7 
1S CAG OC ee NE Eee DIN ol ieee is cnr TOM Re ee Ast Allee sec ereresvelliths, 3 Siero 10 
ae PE NE ei ope mR Aa soho ot all Gvace’ Share woke 5 as foal AR Renee ie eich | Sacer eect ara 12 
Set MEM ecg Ais a eA TS aewatai|l acne. sera teter'ell tale veretal oer oxes earl Bibles che tenae sell vcore oe 3 
| | 


ROUBINI Se oscil eyes eelere 432 377 317 | SRA an Sas can 5 1,219 


Courses 16, 18, 20, 21 and 22 were transferred September 1, 1915, to the Pathology department. 
*Course 23 was repeated in the spring term as an accommodation to senior engineering students 
desiring credits unobtainable in engineering subjects on account of the Engineering Building fire. 


I take great pride in the spirit shown by the various workers in this 
laboratory in respect to their relation to the student applying for in- 
struction. Our research men are yery patient in the presence of the 
many inconveniences resulting from student demands. I am not ready 
to state that research suffers seriously by our arrangement, but it is 
clear to me that the student may be greatly benefited by association with 
the research men. I wish to especially commend the work of Miss North- 
rup and Mr. Kulp, who bear the brunt of the laboratory instruction, who 
have not the stimulus furnished by the opportunity for research and who 
face without murmur the prospect of a hundred per cent increase in num- 
ber of students for the coming year with no additional instructors to 
assist them. 

The health of the student body, entrusted rather loosely and in- 
definitely to our care, is a matter of much concern to us. Our annual 
reports to your esteemed predecessor indicate our ideas relative to the 
need of certain changes and to the nature of these changes as do also our 
correspondence with you in this connection. On March 15, 1916, a stu- 
dent was taken to one of the detention hospitals with scarlet fever. Dur- 
ing the previous week we had detained three men with measles and 
German measles and during the subsequent period up to the first of 
May, 1916, we detained 14 cases on account of scarlet fever, 11 cases of 
measles, one case of mumps and one of small-pox. There was also one 
case of diphtheria in the household of a faculty member resident off the 
campus. By June 3, 1916, every case had been dismissed from the 
hospitals and there had been no fatalities nor any unusually serious com- 
plications. It became necessary for us to utilize a dwelling on the cam- 
pus in addition to our four detention hospitals and to use the general 
hospital for convalescents, but in all cases the students were cared for 
on the campus by the college authorities. A considerable number of 
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students were detained by the physician’s order until a diagnosis could 
be made with accuracy, but little or no inconvenience was caused in- 
dividuals and at no time was the student body alarmed nor was there 
ever any reason to feel that the conduct of classes should be discon- 
tinued. There was practically no evidence of the spread of any of the 
diseases at the College or in East Lansing, nearly all cases being prim- 
ary in so far as this epidemic is concerned. Nearly every case occurred 
off the campus and not in the dormitories. At the time of the epidemic 
nearly all parts of the State were experiencing similar or worse situa- 
tions. Our experiences differed from that of some others in that we 
knew where our cases were and they were under our charge. 

If in any respect we were unprepared to meet the emergency it is to 
be hoped that the future will demonstrate that we are wise enough to 
profit by our experiences. The success of the campaign against this 
epidemic must be attributed to the wisdom of yourself in appreciating 
its seriousness and in, not only authorizing but in keeping in close touch 
with every detail of the execution of the plan. Your wisdom in appoint- 
ing the health officer of East Lansing, Dr. O. H. Bruegel, to take charge 
is indicated by the results achieved which speak more forcefully than 
words. We are indebted also to Dr. H. W. Landon for his cooperation, to 
Miss Ketchum of the general hospital for her vigilance and willingness 
to take on extra burdens, to Mr. Penner for his loyalty in a delicate sit- 
uation and finally to all the nurses who assisted in the work of eradica- 
tion. 

Trusting that you will realize that I appreciate your council, coopera- 
tion and assistance during the year, I am 

Respectfully yours, 
WARD GILTNER, 
Professor of Bacteriology. 
East Lansing, Mich., June 30, 1916. 


“REPORT OF THE DEPARTMENT OF BOTANY. 


President F. S. Kedzie: 


Dear Sir—I hand you herewith my report for the Boum depart- 
ment for the fiscal year ending June 30th, 1916. 

The personnel of the department has undergone little change except 
as to the graduate assistants. It consisted in the year just closed of the 
following :—Professor Ernst A. Bessey, Ph. D., Associate Professor Rich- 
"ard deZeeuw, Ph. D., Assistant Professor Henry T. Darlington, M. S.; 
Instructors, Miss Rose M. Taylor, M. A., Miss Bertha E. Thompson, M. 
A., George ce Johnstone, A. B., Edward F. Woodcock, M. A.; Graduate 
Assistants, Mancel T. Munn, B: ‘ Paul C. Kitchin, B. 8. Besides these, 
-George H. Coons, Ph. D., and Rufus P. Hibbard, Ph. D., Research Assist- 
ants ‘respectively in Plant Pathology and Plant Physiology in the Bot- 
tanical Division of the Experiment Station devoted approximately two- 
fifths of their time to teaching their respective subjects in this depart- 
ment. The departmental stenographer until December was Miss Allyce 
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Hatcher who resigned because of ill health, her successor being Miss 
Catherine Trebilcock. 

Miss Taylor was absent from College until November 1st, having spent 
three months on a collecting trip in Washington in company with Pro- 
fessor and Mrs. C. F. Kauffman of the University of Michigan. She ob- 
tained a large amount of very valuable material for class work in plant 
pathology. Owing to ill health brought on by overwork Miss Thompson 
was granted a leave of absence from January Ist to August 31st. Her 
place was filled for the winter and spring terms by Mr. Kitchin who 
was made a full-time instructor for this period. 

Owing to changes in the courses of study of the Agricultural and Home 
Economics divisions respectively there was a large falling off in the 
number of lower classmen in botany. Beginning with last fall term, 
botany was no longer required for freshmen in the Home Economics 
course which caused a falling off of about 100 students in Botany 1a, 2a, 
and 3a. Beginning with the freshmen class in the fall term of 1914 
all the required botany was given in the freshman year, instead of part 
in the winter term of the sophomore year. As a result Botany 4 was 
not given last winter term, causing a drop on that account of. about 175 
more. 


The numbers of students for the different terms were as follows: 


PENINGE PEPHI os so2 sce cies x trons ot o7s elie pre alates eioatynrcuace s sua 
Fall term. . 

CSSA, DO LAM = ts-Acerer a lebterale steve east Pave nan ae oh obexe 267 
Other undergraduate subjects-\5.. 2. ..2. 4. 282 - a: 156 
POSG) OT Meese (IMATOL oa aie aide ha .sleia clae win sierateeys 5 
BS high = CONE ESE ora ad eters seaport evans tel ci Siereeeucl cranes s Gieee biewees 64 
482 

Winter term. 
ACRES WAT SO OUAWAYS omc. aisiac arn, oe Week petaie ae. xcoletsceteies 256 
Other undergraduate subjects ...............+-- 84 
Post eradwate: (WIAIOE fn orc ce ole nian einen teen ics 6 
HAGE COMPRE: c,d at wists orients orm eishauie Siar steceienele eran 25 
371 

Spring term. 
BIPESTNEAMY. DOEBIVY, .. san,~ «ialersvet oie ant eseaele 4p eNeh aus areal oie 232 
Other undergraduate subjects ...........-...-: 55 
PORE O CAM ALOS. (TRATES earth tereg ue eda aieie: fate 5 
| 292 


In this computation a student is counted but once for each course, 
even where his lecture and laboratory work are given by different in- 
structors. 

A subject like botany in which instruction consists of lectures and 
laboratory work requiring a considerable amount of special apparatus 
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and individual supervision demands a larger number of instructors than 
some of the non-laboratory subjects. This is true because of the smaller 
sections that one person can handle. Thus in botany a laboratory sec- 
tion of twenty-four can be and is handled by one instructor, but this is 
too large for the best interests of the student. Furthermore, an instruct- 
or properly trained to handle such a section actually costs more than 
for a similar grade of work in a non-laboratory course. These factors 
make teaching in a laboratory subject much more expensive than for 
other subjects. I have calculated the teaching cost per student per term 
in the past year to have been as follows: fall term, $8.85; winter term, 
$12.05; spring term, $12.91. 

The average number of teaching hours per full time instructor was 
about 18 per week; varying from 20 to 21 in the fall term to 15 
to 17 in the spring term. Experience has shown that another hour’s 
work is required in preparation of the laboratory material, correcting 
papers, etc., for every hour spent in teaching. Thus the actual average 
time given to teaching and the work connected with it has been about 
36 hours per week. The result is that the instructors have difficulty to 
find enough time for the reading of current botanical literature and in- 
dividual study that are necessary to keep them up to date in the sub- 
ject. 

In December I attended the joint meeting of the National and the 
Michigan Potato Association, delivering an address entitled “Seed Po- 
tatoes and Potato Diseases.” In March I attended the meeting of the 
Michigan Academy of Science, of which I was President, and gave the 
presidential address, “The Sexual Cycle in Plants” as well as a paper 
entitled “A Harmonic Theory of Nuclear Action.” TI also attended the 
Biological Conference of the Schoolmasters’ Club, discussing the report 
on science teaching in secondary schools. 

Early in September, 1915, Assistant Professor Darlington made a 
walking trip for the purpose of collecting specimens for the herbarium 
and plants for the Botanical Garden. He walked from Kalamazoo to 
Allegan, Holland to Muskegon. At the latter point I joined him and we 
walked to Casnoyia, Newaygo, Howard City and part of the distance to 
Big Rapids. Besides this several local trips were made in the vicinity 
of the College. 

Chiefly through the efforts of Professor Darlington the Botanical Gar- 
den is being brought back to its former position as representing as far 
as possible the Michigan Flora. Thanks to the wet summer of 1915 
the inadequate water supply of the garden was not felt as in previous 
years. This year a new connection has improved the supply. The 
larger lily pond was fixed up so as to prevent musk rat injury which 
had been very serious recently. A careful survey of the garden was 
made by Professor Darlington, who is a trained surveyor, and a map 
prepared. He has also reorganized the methods of keeping track of the 
plants in the beds. 

The herbarium has received the duplicates of the very valuable collec- 
tion of plants made by Mr. ©. K. Dodge of Port Huron, who knows the 
flora of Michigan better, probably, than any other living man. These 
have been mounted and placed in the herbarium. 

As usual the department has prepared and sold at cost, for the use 
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of high schools and others interested, the following collections: (1) 
fifty important Michigan plant diseases; (2) one hundred kinds of seeds, 
chiefly those found as contamination in seed sold in Michigan; (3) 
twenty-five specimens of common weeds, mounted with stiff cardboard 
back and transparent cover. The time and labor expended in the prep- 
aration of these are well spent as a contribution to the College’s educa- 
tional work in the State. 

The graduate students who have been majoring in botany have been 
given practical problems to work out for their investigational work. 
These have been as follows: R. W. Goss, “The Fusarium Wilt of the Po- 
tato”; S. P. Doolittle, “Cucumber Scab’; W. 8S. Beach, “The Fusarium 
Wilt of China Aster”; G. R. Gage, “Cultural Experiments with Rust” ; 
L. J. Krakover, “A Macrosporium Leaf-spot Disease of Clover.” At 
present M. T. Munn has nearly completed his work on a problem begun 
at the New York Agricultural Experiment Station on “Neck-rot of 
Onions.” As a minor thesis problem Mr. Elmer Brandes worked on the 
Marsonina disease of lettuce. Other graduate problems undertaken but 
not completed on account of the students leaving college for other posi- 
tions were the Macrosporium Leaf-spot of Melons, and the Septoria 
Leaf-spot of Lettuce. As minor problems in plant physiology Mr. Har- 
rington worked on the determination of osmotic pressures in plant 
pulps by the freezing point method and Mr. 0. M. Gruzit on the effect 
of deficiency of certain salts on the photosynthetic and other processes 
of plants. 

As in previous years the organization of advanced students in botany 
known as the Botanical Seminar held its regular bi-weekly meetings. Ex- 
aminations were held for admission to the organization, these being on 
invitation and limited to advanced students whose previous-record in 
botany was good. Following the precedent of the two previous years a 
prominent botanist was brought in from outside to give a public ad- 
dress. This year Dr. William Crocker, Professor of Plant Physiology at 
the University of Chicago, spoke on “The History of our Present Knowl- 
edge of Plant Nutrition.” 

I must call attention to the crowded condition of the building and to 
the lack of adequate greenhouse space. The proposition made several 
times but not yet acted upon, to raise the roof so as to make a complete 
third floor, would add nearly 30 per cent to the available laboratory 
space and provide a laboratory for advanced students where they would 
be free from interruption by freshmen. 

Respectfully, 
ERNST A. BESSEY, 
Professor of Botany. 
East Lansing, Mich., June 30, 1916. 


President F. S. Kedzie: 


Dear Sir—I transmit herewith, as my report to the State Board of 
Agriculture on the work of the Seed Laboratory, the accompanying re- 
port by Miss Bertha A. Hollister, the State Seed Analyst. 

Very respectfully, 
ERNST A. BESSEY, 
In charge of Seed Laboratory. 
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Dr. K. A. Bessey, East Lansing, Mich.: 


Dear Sir—I have the honor to submit to you the report of the work 
done by the Seed Laboratory from July 1, 1915 to June 30, 1916. 
Yours very truly, 
BERTHA A. HOLLISTER, 
; State Seed Analyst. 
East Lansing, Mich., June 30, 1916, 


REPORT OF SEED ANALYSIS. 
July 1, 1915 to June 30, 1916. 


Owing to the adverse weather conditions of last year, the crops in 
many parts of the country were almost a total failure. The effect upon 
the seed business was very marked. The seed crop was very short, 
and most of the seed grown in this country was of very poor color, and 
somewhat shrunken. A great deal of seed was imported from France. 
This seed was bright and plump, but nearly all of it contained dodder. 
It was nearly always possible to tell whether or not the seed had been 
imported—as it usually contained weed seeds which are not found in 
seed grown in this country. 

It was necessary to write to the dealers outside of the State about 

the labels which they put on seed shipped into Michigan. The Milwau- 
kee Seed Co., of Milwaukee, Wisconsin, placed upon their labels the fol- 
lowing legend: “Over 9914% pure from weed seeds’—varying the per- 
centage to suit the occasion. This was literally true in every case which 
came to my notice, but an analysis of the seed showed it to be from one 
to three per cent lower in actual purity. Dealers in the State were in- 
formed that seed so labeled was in violation of the law. The dealers all 
bought this seed in good faith, thinking that it was high grade seed. 
They all paid a higher price for it than they should have paid for the 
quality they obtained. I notified the company that they would have to 
employ different methods when selling seed in Michigan. With one ex- 
ception the dealers were glad to place the correct analysis upon their 
seed. : 
The four men who are collecting samples of fertilizer and feed for 
Mr. Patten, the Experiment Station Chemist, were appointed deputy 
seed inspectors, and acting in that capacity, reached a great many of 
the dealers. 

The personnel of the Laboratory has undergone a change. Miss Mad- 
ison, who was with me last year, left in February, to be married, and 
her place was taken by Miss Louise Mertes, of Traverse City. } 

The equipment of the Laboratory is essentially the same as last year, 
with the addition of a set of pamphlet filing cases, for the bulletins, and 
a binocular dissecting microscope. 

I made a trip to Columbus, Ohio, during the Christmas holidays, to 
attend the meeting of the Association of Official Seed Analysts of North 
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America. Many instructive and interesting papers were presented at 
this meeting. The Association will meet in St. Paul in July. The 
change in time was made, because most of the Seed Analysts are exceed- 
ingly busy in the winter time. The latter part of July is not such a busy 
time for us, and therefore we hope to have a larger attendance. I ex- 
pect to be present at this meeting. 

The total number of samples tested during the year was 1,291, a some- 
what smaller number than were tested last year. Of this number 45 
were condemned on account of Canada thistle, or dodder, or both. 

The following table shows the number of samples of each kind of seed 
tested : 

To June 25th, 1916: 


SEED TESTED. 


Unofficial. Official. | Condemned. 

TG CONE) Pies Sekt Ercan gyi Retiro Ore ary cheer aRa Rr ole eee er CRROR ean ec TERE 15 33 
PR STEM IO VLE ite tence o cic tas trotene Ahern, fe EL oa seen yeast 152 6 6 
“LITRE TORY cy 2.6hg cre pe ee CR ORSIONCIA ae ie ings cite ae aac ce gig toaic Mio eee rp ara 90 10 2 
JX ETUER S o 5 iE Sea RIESE oS Sen ro ae ae sg nS Ey Pa 58 Diss Wy teat ahead eres 
Sweat CHORE Cr: Gis aes eee enn ner SO th i ae eR Rca alco Carers 3 22 TD ere ear ne 
VND STD RE CONTE Ge 6 te on eee cura Me AT An sc) | 12 SL Nh Saray yeh saat hoe 
Asladliee: Clonee Binal MeN Roce ooo ooo Coen obdde patobod sooo eae | 9 I is ere capensis 
PRISE EAT EV OCOI GION Clos ieiars coitus ane helen medal reustele Riis ee 3 | Reber ote 1 
Redt@lovewrand Ein Ot liye acct. ce sce ciaa suse sy ncaeeene acai ceelenave ncones | bina ce ont cna ee 1 
1B DUAR AGINIS, Gan ete Ge Sie ne Ro MPN Re eae her oi eile Gia [aes h chee she (yer steemerc ee 
PES aKa secrete este acct Be ERIN cas fa hel eles Mea Shia tated eoeeae ea pe lace | De || ecas, stiedeae oo haters ened oer coelorers 
COAL ord te AAS Ie Ce EIA OL eR en reese tera eer ern oe ZO Eo a ar ge AR aa Ses Se 
WEEDS Goa gis Gg GRR hee BIE DIU SD Sin OIRED Ora bec at croict ctor Eo naib oloveno'e | Pe ese Sete Hea he oto sotOI ac. S 
CEM Peete ce ASS esas lapncdtn esutlo acetate eee eon Oe ERA | Sole art cacpeteierl aerate cee 
DRAB NH TS DVS oi ah ey rea ee al Pr Ag Oa ae? cna pill ree team cel | ciceteyee SIAE oS 
WAM AMAR ITStG LASS eae eee are ie wots: to ctatateks iors sees se aeaanccum OK |aeivcrteaes tacuse eetaettere nee hee 
Rene Kya MCU G TASS) 4.6.0, Sate siraktane So Gonecenelonls lebeteus fateaeRae xotasene ane | 1M Wp) [ak Soe eh | ribeye ds 
OMCDATAMG TASS ear. sora en ceaye ke sees nea Dyers ey ees g SETAC ERO Sot Rael eee eee eee 
VISEC RNR ieee. oy cas ss Baie age ATOMS hse ew allows wes, Scere Mena ne ne taps OP | srese aes ox thoes Reeactotee conceee 
(SiEROLD UE GHRTISE TE eek panties aonetnn Icon AR nl arrears a Ore haa eo chads GAGES | Situs oop set 
REC HOST Ory baer ant ets, saree ere oer GS Oe ie ee Es Ly Ain, arated ou Al MR ee ee Ea 
TEETH SS BON Gree toe tose Ch ciel teas Mice clans Shere ee Oe eer: Li Mere he cooks o| | Merron Rea oO Ee 
REVS UC BVCLE Lie ee tlectetaccs Me ley ae te cdete ais Tey hae ea eewenneh chested es oer nices | Fl eFayerciareherer onal Saetes tpn eee 
EEO DES LATION ESEMI Giese oes rep cit oes ta’ SS te suasehs Ges a Shoo Gee Gare uene een eared yelling Sitar oe eather verse 
PELE AUP ERG LASS ectvaes ei chose these Sean, svanatee custo uote midis reyene ls | 1 Yecootnctiaeatetars See haem oe 
NGS WEA SS stems Stas kt eee Shoe eek inane Oe eben odd on ees es ores ohaunsiger eae | 17 inl crs ee hawt ea ete 
MATA YONG TASS tlsioe. tec her aieaneies one aia Neues aeeevs folie alice a ahoney Setanere Dill ee nea ceay te 1a el atei| Sena vere) ape ad ea re 
PERU RAVIS MINTED S rate seater eines che sear oye exal Dake cig tons cane erase Se even ceeNoer sts 1S Re oes ee carl ORAS Shel Gee 
WEREULG Rie ae kee lac Sqr OR IE OAT cee Oe coke G caeee | Qe cerautien tees 2 
(CIS Wie Pace oe alo aan is Cae Pea peracetic ici oh Seer Tee eres | Ty tise ea eee lene ee arte 
BPEL O Vises stusrcnavpordtee women dusr aio: ole ua nctcs eka tava isheteaaials, s leactole chuctonepe saeree Si. | Peat a ais, Sh hore | etacate eet ase niopeokie 
MAE Lays od BIDS cu CIC DRED IO OI OPER CE EEA DIRE OL ceC ec nCRC ars Faster eon) Seen e: on 8 lathe eho Stoner er 
VETTE Eee praetor ot te ccc to toveGahs Saas Greacrthe cannot pao ioe eri I Oe ae re etel ha cenne ee 
WOO MSN Cad OWs GLASS seis crt jae ter olasape ol sinievouels » eRenelneiciel retin srchelon | 1a lheecitcchc 2 Bie ore Iara, caries) ae 
Oa e Seto D yep he ais ee Ay a In OOkG bin clo mica onO.at-0'r STP See Leyes allen Decent ere baxetce |e 

| 


The following list shows the weeds found this past year, with the 
number of samples in which they occurred. The commercial seeds pres- 
ent as foreign seeds are included in this list. It shows an increase of 
thirty-five varieties over last year. 


Acalypha virginica, Three-seeded Mercury ........0:....0+000% 22 
menhen mallefolum.  YAPrOw. ©... je ces ceseiers « ois he ae ne ie ee 44 
PEO VEOTM 8. -VV Went GEARS... ois a. oo 0) See et ty ceteshucton stele ‘ 2 
Agrostemmea pithago, Corn Cockle 150. ose ces ssc eweccs teneees 6 
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Agrostis’ ‘Sp.j Fedtopy yiee sestery eee ee eo ee oe Fee eee De on 99 
Aira caespitosa; Wavy Haar Grass ts. 22. 2 see eee sas 3 
Aira! sp., Hair -Grasgt 2.2 caw we win sone ee 2 bee 1 
Alopecurus. geniculatus, Marsh Woxtail’<°.. 340... 51 .cunneee as 1 
Alsine media, Common” Chickweed : ......4/5.4..... 4056 22 eee 18 
Amaranthus blitoides, Prostrate Amaranth ........... Bp tecy oy : 30 
Amaranthus. graecizans, Tumble-weed ..:°.......- 0»... 00 seen 19 
Amaranthus hybridus, Slender Pieweed <7... 32.3. a. s4snee eee i 
Amaranthussp.; Pigweed =o. 2) 20.00 wees see. ae os ene ee . 4 
Ambrosia elatior, Ragweed ....... are h, 8 Fece lalla Bm ator ene ee SE: 391 
Anacallis arvensis, Red ;Pimpernel i... .; «1c ease er er 4 
Anthemis arvensis, Corn Camomile ...... Sei vate tame eee ¢ nc eee 8 
Anthemis..cotula; Dee's Fennel a..3.5.2ece.> «ote ss cee eee 70 
Anthoxanthum odoratum, Sweet Vernal Grass .......... see 4 
Anthyllis; yulneraria, Kidney Vetch 3... ..24 00. ..>00.ce eee 2 
Apargia autumnale, Fall Dandelion: 2.0.5.1. 2. ass ae eee 3) 
Apera, spica-venti, Silky Bent Grass < 4322. . -esckese ae ac paaene 2 
Arenaria serpyllifolia, Thyme-leaved Sandwort .............. ate 18 
Arrhenatherum eélatior, Oat Grass =~ .230 2.00. ene vcore iskors Pencehs 2 
Artemisia biennis, Biennial Wormwood .<:.....0:..¢..5 «5s 2 
Atriplex patuila, Spreading Orache- x. 25 2% «-- oo Pre 13 
PAECUPICX. AD.,, PaAltDUSWy 2 sis. --nse- sf xelteias anita oie, > otesPokere eee : eee 5 
Avena caryophyllea ...... SE ee ee it 
Avena Latua, Wald: Oats: . s/h 5 te onlats wise "ade cte aes eee ese Be os 6 
AVENE, ~ PT ACCOK ose o'er eis oe aia ee rc Re Ae oo) os - ‘ 5 
Avena sativa, Oats ...... wih iayele 2:5 te oso hey- eee ee ete 7 
PARVETIAS. SP i* co a ile iagessso alone abe wie don) cm G>e acai: Wim m bunt? tolemaneee et aes een 1 

Barbarea barbarea; “Yellow, Rocket.c.c.4sane serene Breer ‘ 2 
Berteroa incana, Hoary AVY SSUMN oc 2sie-s ate iseieyanatia aie moana Seana : 1 
Brassica arvensis, Charlo 5.05 «sti... eates pee eee 5s 14 
Brassica juncea; Iidian Mustard .'... ccm. eee 5b ae 2 
Brassica’ napus; MRaApe. Foe. ake «tsi? eee eee acne 1 
Brassica nigra, Black: sMistard on cistere of erase Aessateds iat 16 
Brassica spl Mustard ot... ede on Ae is) 0,2 01S -afQ Sas 3 voy roa bere ote 2 
Bromus hordeaceus; (Soft CHESS) 5 meee o.ctne ata tele ene > aniejateee 4 
Bromus inermis, Beardless Brome Grass ............. rain ‘ 1 
Bromus racemosus, Smooth Brome Grass ............. wa eae i 
Bromus ‘secalinug; Cheat (g:54 wn se hae eee eee eee se ie 10 
Br OMS: BP} <6 s:.9 sss ca'a ahs ke Biel betes et plier ene ema eee ee ois 4 
Bursa bursa pastoris, Shepherd’s Purse vigteicis nid wo erie 44 
Camelina microcarpa, Small-seeded False Flax ............... : 51 
Camelina sativa, ee ee Palse Mla. s4-2. eee sarang 5 
Campanulaceae ......... pk be ahah Weta eae os eter iio i« i 
Capriola dactylon, Bermuda G Srass 1 Fe SS RRS eee ee ee : 2 
Marex spp.;  Sed@e 4 esse «jas 0! Sete te, hee ake eee ee eee E 57 
Caucalis nodosa, Knotted Hedge Parsley . atin hemes 5 Eee i 
Cenchrus carolinianus, Sand Bur ois Bis mikgeipi@clcate than Un ONS Cuca snare 2 
Gentaurea-eyanus; ‘Star Thistle .....5...-.-5... bg iS mes ; 3 
Centaurea picris, Russian Knapweed ..............ss0.--+e- ‘ 2 
Cerastium yvulgatum, Mouse-ear Chickweed ...... eee stor 5s oc oe 
Ohaetochioa -elauca,- Yellow: Hoxtatl, 2.0 aa sew se cette 9 ote ar etiee 32 
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merc riicd=. Traliea.” (MEG 5 xis: Us oa yn oeie & & ode, wierd obennt nO area) Mas 22 
Chaetochloa viridis, Green Foxtail—Pigeon Grass............. 585 
Cheirinia cheiranthoides, Worm-seed Mustard ................. 10 
Seeronodium album, Damb’s Quarters oc. cco. eos eiciee el oy ee 429 
Chenopodium hybridum, Maple-leaved Goosefoot ............... 1 
Chenopodium murale, Nettle-leaved Goosefoot ................. 1 
Chenopodium polyspermum, Many-seeded Goosefoot ............ 1 
ate HOO: SY)... 4). 5 c's'< ovoreid wie, vie o's sey many pists ede we he = ye wteteaone 1 
Chrysanthemum leucanthemum, Ox-eye Daisy ................. 7 
PeICHORMiny Int yOUSs, “CHLCOLYy <.'. 3. 06 nesses Prnetiele itdin sites 2 
Sarco, arvense, Canada. PRISE. .;.-. cee > sstetadelc'e somite selene eke 96 
Precnm. lanceoiatum, Boll Whistles 6c: .57. aos. «:0,07+, 8 scale een 5 
BUEN TSO SUE Ci eee open are ave econ. Cea iacare eile, @ 3 -ai'6 use w Sie. oils os oro le he meer 8 
Conringia orientalis, Hare’s-ear Mustard, ...........5 000800 dves. 2 
POL OUM A ‘Spy, ~ cA SCCM mx ae: 7s wie pia cate lesngd eile Sed Bais o Wyo? awl ahs ae oor 2 
eropin~ VILEUS. ELAWk S-DOAEC os ais «2a ohm ate ier sys mish shel etsjal doorn, ate eo) 2 ove 1 
SPIRO LENA SPs cs EVAL CLC WOK 0 oo, x0 edaor ope a Micah oo 3) ue ee feline teeta sn aiske! “ue a) 
TRH NO as eee nls ax Sano eee ies are shay dee a eket Oy ef sata nies Fhe ESE NEES wie 3 
Srscur arvensis, Pield Dodders 3 on i06 2 a « weno ge pe als Sistas 3D 
Sascuia epihymum, Clover Dodder <2. ...2. 2% 0 ec dg code net ait 1 
Cuscuta indecora, Large-seeded Alfalfa Dodder ................ 14 
eynosurug.cristatus, Crested Doe's: Taal vii.s ie cise fee te 2 a isin ene 8 
Pacis slomerata, Orchard. Grass... 20° i,j de ae ae} ee aie 13 
Mamens carota; Wild, Carvot. cso aac << aye nce chojs) a) -taregete Nee sokes 36 
Echinochloa crus-galli, Barnyard Grass .........:.-¢0+4-s0%-% 108 
Bicocharis obtusa, Blunt Spike Rush) 2.2.7... 202) 3. echen cee 4 
Megeharig ovata, -Ovoid Spike Hush o. gone% -2ctds © ee ne diets ales 3 
Birechitites tieracifolia, -Wireweed: < 0/2% 5,2 oiers'. a. nm 2ieds is ois hie oi 2 
MEMO ete teNetes eg oat teey aces! © nial Sn, atm bi he Ghaiatole c eyayerees eh tat Oe ae ee > 
ORME A eLUCa. FoOCQUCLTC | actare issih eral apes of tectahir ain tay tener ae 3 
Brysinum omcmale, Hedge Mustard’... c..2 2. ciee. 2 «ae breep lel cteels 2 
Euphorbia preslii, Upright Spotted Spurge «......:2.2-26-.20-- 2 
Pphoriia “sho SPUESE: <. ci iinmec ds om Senire gece oie moment alte ace 4 
Bacopyrum. esculentum, Buckwheat: . 22... <a. s14stesfes © @ eros - > 
Hesticasciatior: “Meadow Fesce. 2%, . acs ecas ices ee vtdeotaemaieine & 8 
Festuca heterophylla, Fine-leaved Fescue ............+seeeeees it 
Hesiuer -mynros, at’s-tatl, Weseues ver. «sos Gems dan cng oe oa et 12 
Rested ovina, Sheep 8 Nescue: os 20s se hlews ou - exsl cae were 1 
Hestuca rubra: hed Wescue. «2.2 jerss ein > sien spans etree ete ala. ed 4 
Galmm saparine, (Cleavers oi = as ee,s.er ce tebelieaigie rs tiie cen rls 2 
Geranium carolinianum, Carolina Crane’s Bill ................. 1 
Geranium dissectum, Cut-leaved Crane’s-bill .................. 8 
PG GALI TTP SIBH wos ki a x caida Wave Boris SS ie enced Me teas ole te eis cen Eee ofp 2 
ATAU ORE AGTARR = 2 ct, ale loro ain: oi, « ep eteehe sete he » esi) liett 30 
Grindelia. squarrosa, Gum-wWeed ....... 2c cece cece e eee wen oe ii 
Hedeoma- pulegioides, Pennyroyal . - 220% 3.5.08 stems eran ees dé 4 
Hehanthnug: annins,” Santlower™ . ....2 fsnegees sclett a oe hae Ba ee 2 
Hibiscus trionum, Bladder Ketmia ........... 2). .sassts age oe 1 
Hieracium aurantiacum, Orange Hawkweed .............++4095 2 
Holeus halepensis, Johnson Grass ......... ccc eae pe ee tine te 1 
Hordeum. vulgare, Darley co ose. eos so o.cc0ie oi eters avy o 5 0 wise boos : 10 
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Hosackia americana, Prairie Bird’s-foot Trefoil ................ 
Hypericum perforatum, St; John’s .Wort:.> .. 3 assess eee 
Hypochaeris: radicata, “Cats-ear> 21.0.5 2 at nea ae 
iva xanthiifolia, “Marsh Milder (oi. 2a eve se Wee: ae eee . 
Juncus Ap.) Rush 2. Mov sce diew's ss: pss sae ee ee ee ee 
Juncoides ‘sp.; Wood Rush e222 2. 29s A300 7 «seis ee eee 
Koellia flexuosa, Narrow-leaved Mountain mint ................ 
Labiatae, Mant ..:.5.7, geen hts Sele alate the ev ie ee ee 
Lactuca scariola,- Prickly dhettuce 1 2)1.01 5002.) Se crs ee 
Iactuea sp: Ibettuce 7 .4.:.0 2 osc 4s b2he male ee wie oleate eee 
Lappula Jappula, Stickseed).3.(1.<t).t-<%-'o nate eee ee 
Lapsana communis, Nipplewort).:..°...%. 2p cee one © ees ies eee 
Legouzia. perfoliata, Venus’ Looking Glass .................00- 
LieGuminosae: oo. 54 543 oho. VRS eee iets tea atlas) conchae eee 
Leontodon taraxacum; Dandelion. 222.052. 08. .. tee «nes eee 
Lepidium campestire, Field’ Peppergrass “0... /... 20. sere -teeee 
Lepidium spp. (apetalum and virginicum), Peppergrass ......... 
Leptilon sp., Fleabane; Horseweed) 02°25". <4 0.2. 2. eee 
Lithospermum arvense, Corn’ Gromwell <).0...00060 aie ee 
hinnm. asitatissimum, Wlax: oc scl chee wert acre oe ee 
PHOICTEA® SPs fa wise! othe eyn Gelato ats cha oe ar eee oa ie as ie een 
Lolaim italicum, Italian. Rye Grass 0.4.2 2s. Fico eee 
Lolium ‘perenne, English Rye Grass: ..% 0.50532 5 cee eee 
hotus-cornicnlatus, Bird’s-foot 'Tretoil vic...2 2224 02. a ee eee 
Lychnis: alba, White Campion 20-3.) 0). ./.te eter st eats, ee 
Lycopus. sp3 ‘Bugle Weed: .c5o ou. horse aie Sana eo ba aa a 
Malya: rotundifolia, Runnine. Mallow +; 260i 2scnesss eee esc 
Medicago lupulina,: Black Mediek) 20)... (ooo cc. Se ea. ts eee eee 
Medicago-sativa, Adfalfal.. 2% aieipeis's eb) Bierce cus cho st aece ta ee 
Melilotus alba, White Blossom Sweet Clover ..................- 
Melilotus indica, ¥. B: Annual-Sweet Cloyer ... 0 "i202 sce 
Melilotus officinalis, Y. B. Biennial Sweet Clover ..............; 
Milinm -effusum, Tall Millet Grass sy.\2 2. eie he coe “1 tga saa 
Myosotis arvensis; Porget-me-not <-.).0.:.. 1 igor enete oe ote ee Ae 
Nepeta cataria; Catnip <s. cheat... 252 21.02 age eine eee 
Neslia paniculata; Ball, Mustard x6 sir. sa). 2 oe ene ee 
Norta-altissima, Tall Mustard 322% ae 53 2. < Ui ayeeneree eee 
NOPE, ETO. o5 ce vise ysc osers aleve! ohatin ane ie ee San neon as uns eto ee ete 
Nothoholcus lanatus, Velvet Grass... 2h knee ye ee eee 


Oenothera biennis,.Evening Primrose «.:... i. .02-2 5 o.% oe: 72 ee 


Ornithopus. sativus, Serradella: ...%:. 2.2: 2. 0%4% snide sea ee 
Oxalis. stricta, Wood. Sorrel... 2462052 -sd be ele eee e 
Panicularia canadensis, Rattlesnake Grass ......... Leag eee a aoe 
Panicularia fluitans, Floating Manna Grass ~.:.2 2... 12s ee 
Panicularia nervata, Nerved Manna Grass .............0..+se+- 
Panicum-capillare, Witeh Grass... +=)... teat-ee eeee ee 
Panicum lanuginosum, Wooly Panicum, .... 1352 Ase reo os + ee 
Panicum :virgatum, Switch, Grass. ...... 1.22. sexes ae cree ose ee oe 
Panicum, miliaceum, -Millet 1.4... 8iww oe eee eee ee af 

PMI CUIMA SPs ::- esa ssa ros Soieca 0: cctvada. aoe altel, Die eh Oe Se ee 
Papaver. sp:;-Poppy.. <6 %< w05 + shes cies eee eee Sire testes 
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HeagePes ED EULMT SU chicas Pee Yous aid Oued = hon ois a. theo a: Sat ale enna Mela ice Poise eh d's os 2 
eMSleAtia (AVICU LATE: TOMOPWEEE. 2 c)0)5 sisie cs ntclote eae nth Wave Kons a bom aoe os 14 
Rersicaria: hVGropiper, SMIAEL WOOO voc. < + ieee cocina eyo aeleiee set se 5) 
Pr siGaiide NOTSICAl IA say se E MELUND 22 oie sacle < cowie os he's 156 
EMicunppravense,.. Pimotlivedwase. 1 ess 2 beh s Pies ue kook es 640 
Pater SReCHION Mes: CO) SALON GUE A a ie catch el Aah icce Grcueisce < sccdya! atera atk ns 3 
Efetishieracioides, Hawkweed (PICPis’. oie oi. comnts acdc cn ss oe oe 2 
EotihdSOnAristaca., DBlacted ELAM TAIN src Be. ible ab beee isan ¢ diela's sacs 10 
Plante GO. LAmeeO lata; YSUCKHOM ss. ashe ek Oale eae dias Geyer e +20 5381 
Piamiavo. major, Broad-leayed Plantain 2c. .t adeas fees + ote ace 101 
PAaniavowuselit shucel s Plantainis. 2... 4 lc. 2td ca pone cmt es 286 
Roc diniila.Amnual=Spear Grass, sic aia) = 082 «so 2 see ease peas 3 
Poa. compressa Canada, blue GrAGS \. od. toc we canoe Weck aie ere 23 
Poa nemaralis: Wood Meadow -Grass, .2i..<20%.. nota ene eee T 
Eva pratensis, Kentucky Bite: Grass sais ae dicrce srctee Sis pret e's BD 
| PGE ANS USN Nae eons Bs ee eee i char A on rN Pe a hee ae NT 160 
abil sea oleracen, § PUrslane: +s.0s'2 sce wie cur ake, miele Feiss ba hae we toe if 
Pomatiilaspp.-Mive Winger Cinqnetoil-.s :..% aa: <2 3 co24 te 42280e3 167 
Pea Ete y ISA hCAL ALLS oir accielie aieh ces us, cup pane asta eet oe 26 
PeeaPUCITENS Sp) * ExIEE REE CU). oto 2st 3 Sot iarns Sg ois Snake aren 2: wie 6 
SENT BAN) G ECBO evens. c, als St aco oo Siac apn) whe Wes bias Ceo US SEE YO AE oa ee Ce Se 1 
fed Decl ashiri a. Erown-Byed: SUSAD. occ si. 4 x75 di. 0 space sabes grease. 15 
BEES TCE LOR Ap SOULS 1 OK > tint So Sroeeh eat cins, Pee eee ee 6 
mimes. 1cetosella,. Sheep. Sorrel © sini vaesa esky oe es mek a ee aes 281 
hemes Crispus. Cirlede Dock 24 tee nce.o see steele ees eee he 292 
PppeeKe GULUISHO MS. / Ester sLIOCK) 4°44 diac ha Oe otras ee ea dee 1 
aoe UT ee DIO Shes a5). ey sis iw, = Rie cece o ematend Boel ee Oa ae 60 
Sarcola pestiter, -atistam, T HISTIE. .;:.2¢5.0:.40 6 hetars ae Saree SMES ae At 
SEMIN Sek LINED SAEGISEL cen So. o's zie S stars « soeuepise als 62 oan wad Gedo ch epee 9 
PecORSLUELEAT 1c SVN EU ID WON custo ct ae, cocles © nie Raia cic we tele eee 2 
mee ORC Uee EnV Gr renal ce Seis cal o sick ees ta Siong ocvaba cee ch Me cttaye 8 
Sherardia- arvensis, Blue Mield-Madder:. \ 3.6. <2. 25 64% fcnee a on we 8 
Pua spinosa. erVek ly id ake os) ans ocd ear dtoharehs Desene eet ete Cla e eee 2 
mene dtirrnind. Sleepy, Catehiby sc ico osroe 2h. cgre Assets cm ae ae 1 
puene dichotoma, Korked: Catehily 2... Sic. 2h, oes fem os aie he See 9 
Silene noctiflora, Night Flowering Catehfly .................... B01 
PETES Stal rex cap cae ot 5s paral ee tne ae dea aa halle PoE OU Lan Radshere le ape tees 11 
Solanum, mierum. Black: Nightshade: ccs 24 6 oma eden ete Davee eee 18 
SOnChOS VAryvensis, OW “DIIStles 4c ce try so gene; han =o Te ace nue ebepele ne x 1 
POnchus, asper, Spiny Sow Thistle <5 24s. eu oe oe a ee eae 8 
SPeupeise dr VOUsiA, SSPULP ys. «(5 o u.tolenciells dairies ties ae iam plete ote D 
PROFObOUS Spiegel: Gragg! 2s... 23:shoiac lute as. sats utp sane hj he eters G 
PUL SUN ice age onsen" ose a 5 La Reale oyna d wee He a tt Seo URNS a IM 1 
Syntherisma ischaemum, Small Crab Grass .................... 93: 
Syntherisma sanguinale, Large Crab Grass .................405 21 
POMPE MBAR DW See x Sap recs AN cts tee sae SE RT Cala oo Fata d aie Dieta wot 3 
Teeuwen canadense, Wood Sageciicect:. cusiels 2 toa w slelelo sa Seelat:s uf 
TULANE ARVeTae, sh Clin y IOTERN fas aches oo mg se ee PRS ald ge mim le 238 
iMAriaConvoelvulnr, Wid Buckwheaton. sc. ul cs Sars sled wsls ods 10 
Peuouum hybridnum, Ainike Cloverrs tic so fe sich) oy dislde lee alesse 753 
PeuoOUnM Wear atti: CEUNsONOlOVER, oss. he cis cena este aine 3 
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Trifolium: pratense, Neds Clover ix s.<8hd choos ee 233 
Trifoium procumbens, Hop Clover’... a si: cass) sas ae ee 10 
‘Trifolium: repens, White Clover . .a.s..<6 se. so6 cae eee 478 
PriLOHUM. SPP. Ms weche sacs cae eveeetoos eke a 2) eehto) ante 0s eee ee 7 
Trisetum flavescens, Yellow False Oats) .)...2%.. iste seh ae eee 2 
Triticum aestivum, “Wheat, -2. eee ook cee tia kins cota 21 
Umbeliiferae : 003°... 5. is 6 a ware BG Bae Se oleae 2 
Undetermined mss tise ta: ake Gae4 agin 2s oan ae eee 22 
Verbaseum ‘blattama, Moth Muilleim'* 723... .< occ. eneaeanee 10 
Verbena spp. Vervali ot a). ~~ ste oie ete wore Ree ee 22 
Vervonica arvensis, ‘Wall Speedwell so. 22 5. «cs saeceaehnes Cee 19 
Vicia-hirsuta; Wild etch. cote 2 isnt a toeie tens che mca ae 1 
Vitia sativas Spring. Veteh soos <k-ciie ee Ge ie eee aes CR 1 
VACA: SD. iiss is eile éRaauirg fs tel eee Goer a 1 


REPORT OF THE DEPARTMENT OF ENGLISH AND MODERN 


LANGUAGES. 


President Frank S. Kedzie, College: 


Dear Sir—I have the honor to submit my fourth annual report for the 


Department of English and Modern Languages. This report covers the 
year ending June 30, 1916. 


The enrollment for the year, exclusive of short courses, was as follows: 


| English. | German. French. Total. 
SUMMED TER TO br... Ae) eae mbes neineec tad Cuan aa ucesieneae TBE eared tcc cushaberell atewtentusmbemte 18 
HalikGerins a9 Ua tse irae ctNecah Sta Stern toot ata lates oan ae 776 58 101 935 
Wilmber tori), LOG ss e098 4) oak mice sae, cmeuan oe udele Mite eaten 838 50 79 967 
SPL Cerm,, VOL aac. aoe ay. cape a he ioretey nated aeons 736 40 62 838 
ROT AISp eorensie arch bis atede. he li Sicee ee eee ee TO ARR tPA 2,368 148 242 2,758 


The teaching staff for the year just closing is as follows: 


W. W. Johnston, Professor of English and Modern Languages. 
Egbert S. King, Assistant Professor of Public Speaking. 

Milton Simpson, Assistant Professor of English. 

Ernst G. Fischer, Assistant Professor of German. 

C. B. Mitchell, Assistant Professor of Public Speaking. 

Norma L. Gilchrist, L. B. Mayne, J. Q. Owen, J. B. Hasselman, and 
F. L. Schneider, Instructors in English. 

C. C. Armstrong, Instructor in English and Public Speaking. 

Mrs. Antoinette C. Robson, Instructor in French and German. 

L. C. Hughes, Instructor in French. 


Three of the instructors named above have been members of the de- 
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partment for but one year. Mr. Schneider fills the place held last year 
by Mr. C. A. Fleming, who resigned to accept a scholarship in the Uni- 
versity of Michigan; Mr. Hasselman succeeds Mr. Stepanek, who ac- 
cepted a very attractive offer from the high school of St. Louis, Mis- 
souri; Mr. Hughes takes the place held by Miss Dora yon Walthausen, 
who was on leave of absence last year, and whose place was filled tem- 
porarily by Miss Mary F. Howes. Miss von Walthausen having resigned 
last summer to become the wife of Mr. R. P. Hibbard, Research Assist- 
ant in Plant Physiology, Mr. Hughes was selected to fill her place per- 
manently. . 

I am sorry to announce the resignation of Assistant Professor Milton 
Simpson and Mr. F. L. Schneider. Advised by his physician that Mrs. 
Simpson should not remain permanently in as damp a climate as that of 
Michigan, Mr. Simpson accepted an attractive offer of an associate pro- 
fessorship in Whitman College, Walla Walla, Washington. During his 
five years here Mr. Simpson has made a name as one of the able men of 
the institution; the loss of so strong a man will be severely felt by the 
Department of English. Mr. Schneider resigned to accept an instructor- 
ship in the University of Michigan. As Mr. Schneider, during his year 
of service here, has proved himself to be a valuable instructor, and I 
sincerely regret that we were unable to keep him. 

As I have in previous reports called attention rather specifically to sev- 
eral important features of the departmental work, the departmental policy 
and the departmental methods, I shall here refer to some of the subjects 
treated in my reports for the preceding three years. In the report for 
1915, I gave, among other items of information, (1) the chief divisions 
into which the work of the department falls (p. 92), (2) tke course of 
study for the department and the manner in which it is determined (pp. 
92 and 93), (3) the spirit of the department and the policy which I 
believe to be necessary for building up a department of English and 
Modern Languages adapted to this College (p. 94), and (4) the excep- 
tional difficulties which the English teachers of the department are com- 
pelled to meet because the time allotted to required composition for ag- ° 
ricultural students amounts to but two hours per term for one year (p. 
95). 

In the report for 1914 I gave, among other things, (1) a table show- 
ing the time relation of theme-reading to classroom instruction in Eng- 
lish composition (pp. 127 and 128) and (2) the growing emphasis placed 
upon exposition in our work in English composition (p. 128). . 

In my report for 1915 I emphasized (1) our special classes for stu- 
dents deficient in grammar and spelling (p. 128); (2) our work in ad- 
vanced composition (pp. 128 and 129); (3) our methods in public speak- 
ing (p. 129); (4) our methods in German and French (p. 129); (5) the 
development of interstate debating in the College (p. 130), and (6) the 
difficulties growing out of the fact that the department has not one class- 
room it can call its own (pp. 130 and 131). As the three annual reports 
to which I refer above cover much of the ground which should be famil- 
iar to those persons interested in the department, I shall omit, this year, 
all discussion of the methods or policies of the department. 

The contests in which the department is directly interested are two— 
the tristate debate with Iowa State College and Purdue University, and 
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the Eunomian-Holead literary contest. We have withdrawn from all 
so-called oratorical contests. 

The question for our tristate debate this year was “Resolved, That 
there should be vested in the National Government the exclusive right 
to manufacture and sell arms and munitions of war.” The team which 
defended the affirmative of this question against the debaters from Iowa 
State College consisted of Mr. H. C. Huebner, Mr. H. H. Fuller, and Mr. 
L. 8S. Wells. The team which went to Purdue University to support the 
negative against Purdue’s affirmative team consisted of Mr. H. M. King, 
Mr. H. C. Rather, and Mr. B. W. Bellinger. Our alternate was Mr. A. 
G. Kettunen. This year we lost both debates. 

Two unusual features of the Eunomian-Holcad contest this year were 
the winning of the three highest prizes by one contestant and the win- 
ning of four of the five prizes by poems. Previously no contestant had 
won more than one prize, stories had done as well as poems, and es- 
says had taken good places. The results of this year’s contest are: First 
prize $25.00, offered by the Eunomian Society, was won by R. S. Clark, 
18e, for a poem entitled Rime of the Plowman. The second and third 
prizes, $5.00 and $3.00, both offered by the Holead, were also won by 
Mr. Clark, second prize for a poem entitled Johnny on Memorial Day, 
third prize for the poem Johnny Raves on Springtime Joys. The fourth 
prize, $2.00, offered by the Holead, was won by Russell Waldo, ’16a, for 
a poem entitled The Wood Thrush. The fifth prize, $1.00, offered by the 
Holead, was won by Mary Warner, sp. h., for a story entitled The De- 
serter. 

In closing I wish to thank the Board of Agriculture and the new ad- 
ministration for their very substantial and unfailing support of the de- 
partment. I would likewise thank the members of my department, whose . 
faithful and loyal efforts for the good of the Michigan Agricultural Col- 
lege have, I believe, been increasing steadily in efficiency. I would men- 
tion also those alumni associations that are raising a fund for the en- 
couragement of the public speaking work of the department. The rais- 
ing of this fund will do much to show our students that the graduates 
of M. A. C. recognize the importance of ability to speak in public. This 
will undoubtedly serve to improve the work which students do in our 
courses in public speaking. 

Very respectfully submitted, 
W. W. JOHNSTON, 
Professor of English and Modern Languages. 
East Lansing, Mich., June 30, 1916. 
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REPORT OF THE DEPARTMENT OF MATHEMATICS. 
President F. S. Kedzie, College: 


Dear Sir_T have the honor to submit for your consideration the fol- 
lowing report on the work of the Department of Mathematics for the 
year, ending June 30, 1916: 

During the year the teaching staff of the department was as follows: 


L. C. Plant, Professor. 

M. F. Johnson and L. C. Emmons, Assistant Professors. 

S. E. Crowe, R. H. Reece, G. G. Speeker, W. M. Wible, E. C. Kiefer, 
and W. A. Reinert, Instructors. 


The teaching staff has furthered the work so well begun last year, in 
holding themselves available to students for individual help throughout 
the day, in correcting problems and returning the same to students with 
helpful comments, and in helping to develop the course in agricultural 
mathematics. 

It is gratifying to note the number of men in the department who take 
advantage of the vacation period to do graduate work in our leading uni- 
versities. This advanced work not only broadens the teacher’s training 
and makes him a more efficient teacher but it also makes him more sym- 
pathetic toward his students. 

The total number of students taking mathematics during the year was 
1,521, divided among the different terms as follows: fall 451; winter 
589 ; spring 435; summer 46. The total number of class periods for the 
year was 427, divided among the terms as follows: fall 123; winter 139; 
spring 105; summer 60. 


Respectfully submitted, 
i. CePLANT, 


Professor of Mathematics. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DEPARTMENT OF CHEMISTRY. 


President Frank S. Kedzie, College: 


Dear Sir—I have the honor to submit the following report on the 
work of the Department of Chemistry for the year ending June 30, 1916. 

We have been able this year to make some changes in certain courses 
in order to better meet the needs of our students. For instance, the stu- 
dents of Home Economies have been segregated from the boys in Gen- 
eral Chemistry, thereby allowing special emphasis to be placed on topics 
of particular interest to them. To further meet the needs of the Home 
Economics division a term course in Physiological Chemistry has been 
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put in operation for the juniors. This course will be extended to a two 
term course next year. 

Organic Chemistry has been substituted for the Metallurgical Analy- 
sis formerly given the freshmen engineers during the spring term. This 
course will bring all of our engineering students to the point where they 
may if they wish, elect the Engineering Chemistry group in the junior 
and senior years, preparing them more particularly for work of a chem- 
ical engineering nature. 

These new courses, and the rapid increase in the number of students 
electing the advanced courses in chemistry, have worked to oyertax our 
laboratory space and have necessitated using a laboratory in the Agri- 
cultural Building for one course during the past spring term. This 
crowded condition will, I fear, be even more pronounced this coming 
year. 

Following is a table showing the number of students taking work in 
the department during the past year: 


Summer Session, 1915. 


' Registered. Completed. 


MotallarzicalsAmal ysis \(Hpeineers) = ca crers ae oceyldev- wes cee na oer mn eters 3 3 
Qualitative Analysis (Arricultimals)i. sci: oe la ee ee ee eee 3 3 
Qualitative Analysis (Hnrineers)y si. ciscloe ceca se ke Idee meres 1 1 
Orzanic Chemistry, CAsTICUltUrals) ymin emesis ee cee eee ee 5 5 
Oreanici@henlistry, (ome) HCOnOmics)r-o7 beat eo seen eerie iby 1 
QuantitativerAnalysis) CAcriculturals))-. 1. sense ce ole cise sane 4) 3 
Quantitative Analysis (Home) Heononmics) 14 sos oe oe en Soe Pe iz, 
General Chemistry (Agriculturals and Home Economics)............... 15 13 


Fall Term, 1915. 


Registered. | Completed. 


General Chemistry (Agricultural and Engineer)....................... 396 318 
Applied Engineering Chemistry (Engineer).....................2.00.. 22 21 
Quantitative Analysis (@Acricultirals)\ooe aoe eee ores 87 76 
Quantitative Analysis) (Home Hconomics)......c..s-e.+ ss ene enn. ce fie 8 8 
Organic Chemistry (Home Economics)........... Prec foe tok o GOO 73 57 
Flour Chemistry (Agricultural and Home Economics):................ 1 1 


Winter Term, 1916. 


Registered. | Completed. 


Agziculfural'Chemistry (Agriculturals) a...) aeriete le ariel 73 70 
Qualitative Analysis (Agriculturals)....................-.+...- as 227 198 
Applied Engineering Chemistry (Engineers) ae 9 9 
Qualitative Analysis (Engineers)................ neat 115 97 
Flour Chemistry (Agricultural and Home Economics).................| 3 3 


General’Chemistry (Homes! conomics) eee ee eee ee ee eee 116 97 
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Spring Term, 1916. 


Registered. | Completed. 
Preanic.Cheniistry, (Hnpineers) crcl ociciies. 32 Shove, ayes bo. « ote ole a teeolehei ela bees 103 83 
Oreanic @henistry, (Acriculturals) tr... s oes ce leielcinc oe eee s a comers 232 186 
Flour Chemistry (Agricultural and Home Economics)................. } 1 1 
Advanced Quantitative Analysis (Agricultural and Home Economics)... .| 22 22 
Bhysiolopicane hemistry*CVets) isco be ae nee cin eee ee eee 10 9 
Physiological Chemistry (Home Economics)...................+e0008- 19 16 
QualitativesAnalysis. (Home Hconomics)\. tao sec. sn bate cmos elses nee 96 90 
Physical Chemistry (Agricultural and Home Economics)............... 44 36 


Besides the regular teaching work, analyses and baking tests have 
been made upon the wheat varieties grown by the experiment station in 
1915, and a large number of samples of water, soil, feeds, ore, etc., sent 
in mostly by farmers of Michigan have been examined and reported upon. 

In the matter of personnel of the department, we have been partic- 
ularly fortunate. Every member of the staff has expressed deep inter- 
est in the department by hard, conscientious work. This has been espec- 
ially important this year when the active head for so many years has 
been called to more strenuous duties and the many details of department 
administration have fallen upon other shoulders. I recognize fully that 
without the help of every member we could not possibly have had the suc- 
cessful year we have had, and I wish to express my great appreciation 
for the loyalty and support of all. 

The teaching staff of the department for the past year has been as fol- 
lows: Pres. F. S. Kedzie, A. J. Clark, R. C. Huston, B. E. Hartsuch, W. 
P. Wood, D. T. Ewing, D. C. Carpenter, H. L. Publow, C.D. Ball, K. 
G. Hancher, T. E. Friedemann, E. L. Underwood and Mabel Mosher. 

Very respectfully submitted, 
ARTHUR J. CLARK, 
Professor of Chemistry. 
East Lansing, Mich., June 30, 1916. 


REPORT OF THE DEPARTMENT OF ZOOLOGY AND 
PHYSIOLOGY. 
To the President: 


Sir—I have the honor to submit the following report of the Depart- 
ment of Zoology and Physiology for the year ending June 30, 1916. 

As noted in my report last year Instructor Scott was replaced by a 
new man and the choice fell on Joseph W. Stack, a graduate of Notre 
Dame University. Before the end of the fall term it became evident that 
more help would be necessary for the winter term and early in January 
permission was obtained for the employment of an additional instructor 
for the remainder of the year. Some difficulty was encountered in find- 
ing the proper person but late in January Mr. Stanard G. Bergquist, a 
graduate of the University of Michigan, was secured and rendered effi- 
cient service during the balance of the winter term and the entire spring 
term. Both Mr. Stack and Mr. Bergquist have been re-engaged for the 
coming year and it seems likely that no further changes in the teaching 
force of the department will be made. 
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During the present summer the head of the department will take a 
rest, but every other member of the teaching force will take post-graduate 
work, either in our own or some other college. Mr. Burt and Mr. Rose- 
boom will take work in Chicago University, Mr. LeRoy and Mr. Berg- 
quist in the University of Michigan at Ann Arbor, Mr. Conger at the 
Douglas Lake Biological Station of the University of Michigan, Mr. 
Stack at the Lake Laboratory of the University of Ohio at Cedar Point, 
Ohio, and Mr. Eastman in our own summer school at East Lansing. In 
addition Mr. Conger will take charge of the department and our sum- 
mer school classes in elementary zoology and physiology until the end 
of July, when he will be relieved by Mr. LeRoy who will take charge for 
the rest of the vacation. 

The regular work of the department has progressed satisfactorily dur- 
ing the year although the great size of some of the classes has taxed 
severely the capacity of the department. Indeed the laboratory work 
would have been seriously weakened in the winter and spring terms but 
for the fact that arrangements were made to utilize student assistants, 
mostly seniors, in several of the laboratories. Those employed in the 
winter term were S. H. Dwight, B. W. Householder, G. A. Newlon, J. W. 
Randall and R. H. Sill; in the spring term, 8S. H. Dwight, G. A. Newlon, 
R. H. Sill and H. Weckler. The three-fold division of the sophomore 
class for the courses in elementary zoology, physiology and geology has 
worked perfectly and doubtless will be continued in future years. The 
new elective course in elementary geology for engineers was given to a 
large class in the spring term and apparently filled a decided want. Still 
another course in geology, economic geology for engineers, has been au- 
thorized and will be given as soon as the conditions warrant it. 

The following outline for the year indicates the number of classes and 
students handled by each member of the force. It should be borne in 
mind that in addition to the teaching hours indicated, each instructor 
spends at least as much time in the preparation and care of laboratory 
material and apparatus, while several members of the force are utilized 
in caring for the collections of the general museum for which no other 
provision is made. 

Teaching Work of Department. 


Fall term, 1915. Winter term, 1916, Spring term, 1916. 
4 = 3 
. : @ p ; a 2 | = 2 
D mn a 4 m2 = td w 1 
2 NES Ales Uae lee aie 4) Sa eee 
E 2.8 sg 5 3.8 3 e | gs 58 
m4, ome) Ong Dy, ao OP E ba ae 25g 
a8.) 85 | 88.) 28 |B | BS | sia Bee 
| Z i i Z A ee ZA Z 
Prof. W. B. Barrows...........:.0++ 16 2 43 15 3 63 10.| 3 56 
Asst. Prof. B. B. Roseboom.......... 16 3 72 19 5 105 18 4 74 
NSE METOL RAs BUrtce «ces an aeetere 18 3 79 21 2 62 20 3 54. 
Imst Ae CxCongers iss cicsce helene te 18 3 71 24 4 108 22 4 97 
ATsteVesteHOY. Se acick ssc ce cies: 18 3 91 22 4 93 22 5 91 
Inst. W. 2. Hastman....0..).020...- 19 5 128 24 5 102 22 4 68 
iste da eto UaC ere ss ton is, Wayne ease 19 4 104 23 5 131 21 5 89 
TMsts SAG ABergquist.. fe fe tcc c kee eile chore ok ht oars lasers ln eeeetecate 22 6 144 20 4 55 
STOUAIA' <7, prarritia te ects eels apolar | 124 23 588 170 34 808 155 32 584 
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MUSEUM. 


The condition of the general museum remains about the same as last 
year, the lack of space preventing any general re-arrangement of the col- 
lections even had the time for such work been available. In point of 
fact, however, we are barely able to keep the specimens free from 
museum pests and the cases in a presentable condition for the public. 
Each year the museum is drawn upon more heavily for our own teach- 
ing purposes and almost every week parties of students from high 
schools and other educational institutions in neighboring cities come 
here to visit the museum and study the collections. 

We have hundreds of duplicate specimens of various kinds, particular- 
ly of mounted birds, which should be made up into small circulating or 
loan collections and sent out to the schools of the State. At present most 
of these specimens are packed away in tin cases in attic or cellar, serv- 
ing no useful purpose whatever. As soon as funds are available it is our 
intention to recommend a plan for an entire re-arrangement of our col- 
lections and the utilization of much of this duplicate material. Such a 
plan will involve the employment of at least one additional assistant 
who can give most of his time to museum work. 

In February the Public Domain Commission requested the College 
to make an exhibit of museum specimens at the meeting of the Michigan 
Wild Life Conservation Association at Saginaw, February 23-26, and 
this was supplemented by similar requests from other organizations in- 
terested in these meetings. As a result the Department of Zoology pre- 
pared an exhibit of about one hundred and fifty birds, with descriptive 
labels, illustrating the common harmful and beneficial species found in 
this State. A member of the Zoological departmeut was in attendance 
all through the convention and was able to give much information to 
visitors in regard to the natural history of the State and the work of the 
College. 

The Harry K. Pomeroy collection of birds’ eggs, mentioned in our 
last report, was safely transferred to the College last October and has 
been unpacked and arranged in a new case specially built for it at the 
expense of $160.00. This case replaces a smaller one, also filled with 
bird’s eggs, which has been transferred temporarily to the Zoological 
Lecture-room. The Pomeroy collection contains upwards of three thou- 
sand Specimens and doubtless is the finest single collection of eggs of 
foreign birds in Michigan. 

Respectfully submitted, 
WALTER B. BARROWS, 
Professor of Zoology and Physiology and 
Curator of the General Museum. 
Kast Lansing, Mich., June 30, 1916. 
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Se a i \ 
President F. S. Kedzie: 

Dear Sir—Following is a brief report of the work of the Department 
of Entomology for the year ending June 30, 1916. 

The year just finished has passed without unusual development. Nine 
regular courses have been given besides the courses in the summer school 
—course five being repeated so that it runs throughout the year. Be- 
sides these regular courses, there were two short-courses in Agriculture. 
Also, instruction was given during the week known as ‘“Bee-keepers’ 
Week” to a good sized class of bee-keepers from Michigan and other parts 
of the U. S. and Canada. During the week of this school we were fortu- 
nate in securing the aid of three experts, Prof. Morley F. Pettit of 
Guelph, Provincial Apiarist of Ontario, Mr. Ira D. Bartlett of East Jor- 
dan, and Mr. David Running of Filion. During Round-up Week special 
attention was given to apiculture, the department being aided by Mr. 
Bartlett. 

The inspection of apiaries has gone on as heretofore and a number of 
demonstrations in disease control have been held, but the efforts of one 
man are inadequate. It is impossible to visit more than a part of the 
apiaries where owners request advice in regard to disease, because one 
man can not possibly get to more than a small percentage of the apiaries. 

Both American and European foul-brood are spreading over the State, 
the owners of the apiaries simply being unable to cope with the disease, 
because they are not familiar with the symptoms of the disease or with 
the proper treatment. A change in the law providing for deputy inspect- 
ors seems to be the only hope for the bee industry in our State. 

Besides the courses enumerated, three short courses were given during 
the fall and winter, to students in general agriculture and in horti- 
culture. 

On July first, 1915, Mr. Don B. Whelan commenced work as Exten- 
sion Specialist in the control of insect pests; since that time Mr. Whe- 
lan has devoted a little more than half his time to visiting places where 
the need has arisen and in giving aid to the farmers, fruit growers, mill- 
ers, nursery men, mushroom growers, market gardeners, and in fact to 
people of any calling who may be dependent on agriculture for a living. 
His efforts have been met with appreciation and have resulted in bring- 
ing the department and the College in still closer touch with the peo- 
ple; furthermore, his visits have reminded many of our old friends of 
our readiness to aid wherever possible, besides directing many new 
friends to us. 

Already the requests for aid and advice have increased as a result of 
Mr. Whelan’s activities, as well as through the medium of our county 
agents. 
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REPORT OF THE DEPARTMENT OF ENTOMOLOGY. 
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Respectfully submitted, 
RR. APE Tare, 
Professor of Entomology. 
East Lansing, Mich., June 30, 1916. 
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REPORT OF THE DEPARTMENT OF HISTORY AND ECONOMICS. 


To the President: 


The following is the report of the Department of History and Econ- 
omics for the year 1915-16. 

Total number of enrollments in the department for the year equalled 
1671, distributed as follows: 

By terms: Fall, 738; Winter, 430; Spring, 482; Summer, 71. 

By classes: Graduate, 25; Seniors, 380; Juniors, 422; Sophomores, 
598; Freshmen, 355. 

By subjects: History, 352; Economics, 1130; Political Science, 189. 

Total number of hours taught during the year by members of the de- 
partment are 2262, divided among the three terms as follows: Fall, 
978; Winter, 480; Spring, 564; Summer, 240. 

By subjects the number of recitation hours during the year equalled— 
in Economics, 1212; in History, 900; in Political Science, 240. 


HANDLING OF CLASSES. 


The department has experienced a repetition during the past year of 
the swollen classes upon which comment was made in our last report. 
While but two new and additional subjects were presented during the 
past year, an examination of the enrollments for the year just past 
shows an excess of 188 students over any previous registration of the de- 
partment, 

The purpose of introducing this comparison last year was to show 
the abnormal size to which many of our classes had grown, and to 
point the need of additional teachers if the subjects concerned were to 
be taught as efficiently as students at this College should be taught. The 
need along this line, which was pressing last year, has this year become 
imperative. Some classes numbered 90 and 100 enrollments. It is plain 
that classes of this size are unwieldy for teaching purposes. 


NEW SUBJECTS. 


During the past year the department has been intrusted by the faculty 
with the future teaching of two new and additional subjects of study— 
General Accounting and Farm Marketing. The former is in response to 
a wide spread demand for further training in the scientific analyzing of 
undertakings attempted for profit. The latter subject endeavors to pre- 
sent information with regard to the deservedly significant problem—the 
distribution of farm products. There seems to be a rapidly growing be- 
lief among the well informed that the distribution of farm products 
means fully as much to the farmer as their production. It would seem 
to be a foregone conclusion that investigation and experimentation there- 
fore in this marketing realm would prove equally as useful to the farmer 
as investigation and experimentation has proven in the field of produe- 
tion. 
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The new Home Kconomics curriculum adopted last year, having now 
become operative throughout the entire four years of the college course, 
presents for teaching purposes in this department this year for the first 
time two additional subjects. There are the Prineiples of Sociology 
and a course in descriptive economies, entitled ‘The Elements of Econ- 
omices.” The first is elective, the second required, and both are full five 
hour per week studies. 


SUMMER SESSION. 


A unique experiment was tried during the Summer Session of 1916 in 
an endeavor to answer the wide-spread demand for scientific instruc- 
tion in the subject of farm business. It was held that a somewhat popu- 
lar but comprehensive treatment of this matter would prove attractive, 
not only to students but to practical people throughout the State, inter- 
ested in these lines. The course was therefore gotten up according to a 
plan which gave two week presentations each to different phases of farm 
business—Cooperation, Marketing, and Farm Accounting—using spe- 
cialists for each period of presentation. Unusual good fortune attended 
the College in securing these specialists, and a list of able men, includ- 
ing Professor Alex. Cance, Rural Economist at Amherst College, Dr. 
Edward Jones, Professor of Commerce and Administration at the Uni- 
versity of Michigan, Dean J. A. Bexell, Professor of Commerce, Oregon 
Agricultural College, and R. V. Gunn, instructor in Farm Management 
at the University of Wisconsin, dealt with the different phases upon 
which they are specialists. 

The experiment seems to have been a perfect success if the enthusiasm 
with which the courses were attended may be taken as a criterion. The 
regular enrollment of those taking the subject for credit was at all times 
in excess of forty, while on many occasions—as the result of visitors from 
some one or another of the summer conferences in progress here—as 
many as sixty or seventy students were in attendance. 


SIDE ACTIVITIES. 


The growth of the College in increased numbers of students and in 
variety and numbers of activities imposes constantly upon heads of de- 
partments the selective function of trying to tell how their undertak- 
ings may best be distributed. The head of this department for example, 
as chairman of the social committee has had to do with the supervision 
of approximately one hundred and fifty social events during the past 
year; as Secretary of the M. A. C. Book-buying Association he has per- 
formed the usual services going with such an office; as Lansing repre- 
sentative upon the Alumni Council he has attended many meetings of 
this organization; and he has served upon the customary number of gen- 
eral committees. He attended also the National Marketing and Rural 
Credit Conference in Chicago in December, and through the generosity 
of yourself and the State Board, the American Economic Association 
meeting at Washington also in December. One address was given by 
him at the M. A. C. alumni meeting in Washington during February, an- 
other at the State High School Teachers of Agriculture meeting in April, 
and another at the Summer School of Kalamazoo College in July. He 
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was also one of the promoters of the regular winter meeting of the State 
Country Life Conference. These activities are mentioned as in no wise 
exceptional from the performance of all heads of departments, but mere- 
ly as illustrative of a field of duties—which though desirable nevertheless 
detract from the time which teachers have for their regular business. 


DIVISION OF DEPARTMENT. 


‘The present report marks the end of a series of reports which was 
commenced with the establishment of a department of History and Eco- 
nomics in 1889. At the regular meeting of the State Board of Agriculture 
in June, action was taken whereby a separation was made in this de- 
partment and a new department of Political Science and History and 
another of Economics were created. The well being of the group of sub- 
jects which had formerly been classed together under the title of His- 
tory and Economics was in no respect advanced through continuing this 
association of well nigh thirty years. Economics, since 1889, has be- 
come more and more emphatically a science, and in more recent years— 
through the general interest which has developed in marketing, account- 
ing and organization, an applied science. History, in the meantime, has 
undergone in the stirring events of the past two years an almost com- 
plete shifting of importance. It must certainly be taught from a differ- 
ent standpoint in the future than was formerly the case, and the inter- 
ests of this subject and also of political science demand that they should 
have the exclusive time of a specialized department head. The Board 
upon this matter provided: 


“The President is authorized to arrange for the division of the 
Department of History and Economics. The Department of Eco- 
nomics to be established with Dr. W. O. Hedrick at its head, and 
including within it Assistant Professor Dunford, and an addi- 
tional instructor; the Department of History and Political Sci- 
ence to be placed in charge of Prof. E. H. Ryder, assisted by Mrs. 
Hendrick as instructor.” 


and in harmony with this record the setting apart of Political Science 
and History and Ecgnomics has been finally accomplished to the entire 
satisfaction of all concerned. 

The department has had faithful service from the members of its 
teaching force during this year as in times past, and pleasure is taken 
in acknowledging the efforts of Prof. Ryder, Mrs. Hendrick and Prof. 
Dunford, as the regular employees, and also of Mr. Paul Miller and Miss 
May Person, who were employed during a portion of the year. 

Respectfully submitted, 
WILBUR O. HEDRICK, 
Professor ef Economics. 
East Lansing, Mich., June 30, 1916. 
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REPORT OF THE DEPARTMENT OF MILITARY SCIENCE AND 
TACTICS. 


The President, Michigan Agricultural College: 

Sir—I am enclosing report of Sergeant P. J. Cross, U. S. Army, con- 
cerning period of training in the Military department, from the open- 
ing of the college year 1915-16, to January 26, 1916, the date of report 
of present Commandant for duty at this College. 

At date of my report, the six freshman companies were drilling in 
the Armory in two sections, three companies, on Monday and Tuesday, 
three companies on Wednesday and Thursday. Satisfactory progress 
had been made in close order, even in spite of the limited space for such 
drill. All freshmen had one hour in theoretical work in classroom. 

During the winter term, sophomores and juniors, were in theoretical 
instruction under senior instructors in classroom. Moss’s Manual of 
Military Training, was used in this work. 

During the spring term, all work was out of doors. This included 
close order work and ceremonies, such as parades, reviews, guard mount- 
ing ete. 

The other practical work included outposts, advance and rear guards, 
also flank guards, marches and calisthenics. 

The drill season closed with a field day on Decoration Day. This 
event was considered very successful and created satisfactory interest 
in the cadet regiment. Company “A,” a junior company, under Cadet 
Captain E. W. Martin, won the competition; Company “K,’ under Cadet 
Captain F. A. Carlson, was second and Company “©,” under Cadet Cap- 
tain L. H. Gork, was third. 

The competition included wall scaling, tug of war, company drills, 
manual of arms drill and company shooting. The wall scaling contests 
were especially interesting to spectators, and instructive to contestants. 

The college year was completed June 13th, with a review of the 
corps of cadets by the commandant accompanied by Capt. Wells and 
Capt. Ragsdale, U. S. A. The regiment was paraded then by the Cadet 
Colonel C. N. Winston. 

An innovation was tried out this spring term. Drill hour was changed 
from 4:30 to 5:30 p. m., to 7 to 8 a.m. The change was not considered 
very satisfactory and the drill hour will be as heretofore 4:30 to 5:30 
p. m. 

The greater part of the cadet officers were very satisfactory. The 
senior officers were chosen from the senior class by examinations, both 
theoretical and practical. 

The new officers for 1916-17 were chosen in a similar manner, 
and it is believed that an exceptionally efficient selection has been made. 
Upon acceptance of the officers for the coming year it was announced by 
the Commandant that no one was wanted who was working for credits 
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only. Those only were wanted who desired to progress in the military 
work and had the interest of the corps in view. 
The prospect of an interesting year in the work is very good 
Very respectfully, 
IRA LONGANECKER, 
Ist Lieut. 22d U. S. Infantry, 
Professor of Military Science and Tactics. 


To the President, Michigan Agricultural College: 


Sir—I have the honor to submit the following report covering the work 
in this department from the beginning of the college year 1915, to Janu- 
ary 26, 1916. 

1. Both the practical and theoretical courses of instruction were 
changed considerably at the beginning of the college year so as to con- 
form to the requirements of the War Department; heretofore not more 
then one-half of the required subjects being covered. The revised course 
has also been made more attractive and instructive; not being the same 
old subjects term after term. The course now contains those subjects 
which any good citizen, who is a college graduate, should know. 

2. Apparently from outward appearances, the interest displayed by 
the student body generally in the military work has been much more 
marked and noticeable during the last few years. This is probably due 
to a number of causes, but the work can, and will be made more attrac- 
tive. ; 

_ Aside from the military value, the drill is a good, clean, and healthful 

exercise, and the young men who have been taught to walk erect and 
expand their chests will have several years added to their lives. The 
instructors can give sound advice to their classes, and it is recommended 
that they do so whenever an occasion is presented. Of course it is un- 
derstood that correct information and advice should be given; not in- 
formation that is liable to create a wrong impression or ridicule. 

5. The success of the college*rifle team in winning the intercollegiate 
championship of the United States deserves special mention. The 
twelve students who were especially selected for their expertness in 
rifle shooting deserve commendation. These men worked exceptionally 
hard during the fall and winter terms; and during this time, they proved 
the fact that rifle shooting, is one of the most healthful exercises, and 
one of the most exacting sports in which a student may engage. It not 
only develops the muscles, eyes and nerves, but teaches how to co-ordi- 
nate the functions in unison and produce results which otherwise were 
impossible. 

This phase of the military work could be greatly developed at a very 
small expense, and it would also increase the interest of the student 
body. A complete out-door target range should be provided, where shoot- 
ing up to five and six hundred yards could be conducted. 

As most of the ammunition would be provided by the Federal Govern- 
ment, the up-keep of the range would be very small. 

There are a number of out-door matches in which students could com- 
pete. These would be shot under the rules of the National Rifle Asso- 
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ciation of America, and the prizes furnished by the same association 
free of charge. 

4. The college band is now entering upon one of its most successful 
years, and under the efficient leadership of Professor A. J. Clark, will 
continue to be one of the most enjoyable organizations of the College. 

Very respectfully, 
P. J. CROSS, 
Sergeant of Engineers, U. 8S. Army, Assistant. 
East Lansing, Mich., June 80, 1916. 


REPORT OF DEPARTMENT OF ATHLETICS. 
To the President: 


Dear Sir—I have the honor to submit the following report of the De- 
partment of Athletics for the year ending June 30, 1916. 

It has been the aim of the department to induce as large a number 
of students as possible to take advantage of the helpful exercises and ~ 
contests managed by this department. With the aim of general good 
to the whole student body we have encouraged all branches of inter- 
mural games and contests and the majority of the students attending 
school have benefited by them. A regular gymnasium class was held 
during the winter months and in spite of the limited apparatus and poor 
facilities much interest was shown and a large number of students at- 
tended regularly. One of our greatest needs has been & place, properly 
equipped for systematic exercise and games during the winter months 
and it is very encouraging to feel that inside of another year we will be 
able to move into such a place and furnish the students with the exercise 
which is so essential to the physical welfare of all. 

Teams representing the College in the various competitive See have 
acquitted themselves with much credit. This intercollegiate competition 
has encouraged loyalty to the College, gentlemanly conduct, and ab- 
solute fairness at all times. 

One of our most important athletic events was the Interscholastic 
Track and Field Meet held here on June 10th. Over forty high schools 
throughout the State were represented and about three hundred promis- 
ing college men visited our College. The meet was very successful, and 
it not only aids in inducing many desirable men to attend our College 
but it proves of infinite value in the way of advertising. 

With the aid of the blanket tax the Athletic Association has been en- 
tirely self-supporting. The large number of men interested in athletic 
contests and reporting out for practice made it necessary for the em- 
ployment of two assistant coaches during the football season and their 
expense was entirely borne by the association. 

A great number of students have received athletic training during the 
past year and it is our aim to induce all of the boys to work for one of 
the athletic teams at least. 

Respectfully submitted, 
G. E. GAUTHIER, 
Acting Director of Athletics. 
East Lansing, Mich., June 30, 1816. 
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STATEMENT OF FUNDS. 
* Disburse- 
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$20,617 55 $20,617 55 
A. Receipts, Football........ $4, ig ae 
A. Receipts, Basketball...... 
A. Receipts, Baseball........ 609 15 
B. Guarantees, Football...... $5,324 70 
B. Guarantees, Basketball.... 500 88 
B. Guarantees, Baseball...... 735 00 
C. Guarantees, Football...... $3,367 62 
C. Guarantees, Basketball.... 600 00 
C. Guarantees, Baseball...... 


1,035 00 


Total balance to credit of Athletic Association including balance of $725 in revolving fund, is $2,174.43. 


M. A. C. ATHLETIC ASSOCTATION, 
A. M. BROWN, Treasurer. 


REPORT OF THE DEPARTMENT OF METEOROLOGY. 


Dr. F. S. Kedzie, President, Michigan Agricultural College: 


Dear Dr. Kedzie—I have the honor to make the following report con- 
cerning the work of this department for the year ending June 30, 1916. 
Twenty students completed the regular course in meteorology during 
the fall term of 1915. As in years past the aim has been to give the 
students a good, practical knowledge of the subject. 
In addition to the regular course a series of twenty lectures" was 
given to the two-year short course men in the winter term. 
Very respectfully, 
D. A. SEELEY, 
Instructor in Meteorology. 
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REPORT OF THE LIBRARIAN. 


President F. S. Kedzie: 


Dear Sir—I have the honor to present the following report on the 
library for the year ending June 30, 1916. 

There have been added to the library during the year 2,659 bound 
volumes, of which 1,136 were purchases, 1,004 came by binding, and 519 


were gifts. 


Of unbound volumes and pamphlets 207 have been received, of which 
9 were purchased. The remaining 198 were gifts to the library, and 
were acknowledged when received if the donor were known. We there- 


fore omit individual mention. 


We are indebted as follows for bound volumes: 


Andrea be At 

American Lumberman. 1. 

American Veterinary Medical As- 
sociation. 1 

Alexander, Mrs. D. H. 1. 

American Association for Inter- 
national Conciliation. 1 

American Jewish Association. 1 

Allen, A. 8S. 2 

Association of Advertising Clubs 
of America. 2 

Arkansas, State reports. 2 

Advisory Commission, Finance 
Forum. 1 

American Society of Interna- 
tional Law. 2 

Bleininger, C. V. 1 

Baker, F. A. 1 

Beal, Dr. W. J. 6 

Byrum, E. E. 1 

Beecher, L. Autobiography. 2 
Donor unknown. 

British Columbia, 
Dept. 2 

Baker, R. S. 1 

Canada. 22 

Carnegie Endowment for Inter- 
national Peace. 6 

Colorado, State reports, 1 

Connecticut, State reports. 2. 

Chicago Association of Commerce. 
A: 


Agriculture 


Chemical Rubber Co. 1 


Chicago, Lincoln Park Commis- 
sioners. 1 

Conference of Governors, Pro-. 
ceedings. 1 

California, State reports. 1 

Cutler & Hammer Mfg. Co. 1 

Carpenter, L. G. 2 

Committee on Christian Eduea- 
tion; 4 

Dunning, Laurence E. 1 

Detroit, Mich., Reports of the 
Comptroller. 5 

Dudley Memorial volume. 

Fischer, Prof. Ernst. 2 

Fenton, F. R. 1 

Gates, R. R. 1 

Grisdale, J. H. 1 

Gospel Trumpet Co. 4 

Gardner, A. W. 1 

Huntley, Florence. 1 

Hartford Steam Boiler Co. 3 

Holdsworth, Mrs. W. 8S. 3 

Hueffer, F. M. 2 ; 

Henus, Max. 1 

Iowa, State reports. 3 

Illinois, State reports. 3 

Interstate Cotton and Crushers 
Association. 1 

Imperial Japanese Commission. 1 

Japan Society. 2 

Kansas, State reports. 4 

Kentucky, State reports. 3 

Kedzie, Mrs. George. 1 
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Kellogg, B. 1 

Kennon, Geo. 1 

Kidd, Gen. J. A. 1 

Los Angeles, Cal. 4 

Longmans, Green & Co. 1 

Michigan, State reports. 67 

Michigan Academy of Science. 1 

Minnesota, State reports. 4 

Massachusetts, State reports. 6 

Missouri, State reports. 2 

Montana, State reports. 7 

Maine, State reports. 2 

Macmillan, C. 2 

Maxweiler, E. 1 

Moss, F. J. 1 

New York, State reports. 18 

New York University. 1 

New York City. 5 

New York Stock exchange. 1 

New Jersey, State reports. 15 

Nebraska, State reports. 2 

New Hampshire, State reports. 1 

National Association of R. R. 
Commissioners. 7 

North West Territories. 1 

National Canners Association. 1 

Oregon, State reports. 1 

Pammel & Weed. 1 

Prudential Insurance Co. 2 

Parker, Sir Gilbert. 3 

Proc. of the Conference of Farm- 
ers’ Institutes and Short Course 
Workers on Permanent and 


Sanitary Farm Improvements. 
if 

Pennsylvania, State reports. 1 

Revell Pub. Co. 1 

Rand, A. 1 

Smithsonian Institution. 4 

Seriven, G. P. 1 

South Australia, 1 

San Diego, Cal. 1 

Schaeffer, J. A. 1 

Shoesmith, Prof. V. L. 1 

Sturgis & Walter, Pub. 1 

Trustees of the Mary Baker Eddy 
Fund. 10 

Thompson, 8. 7 

University of Michigan. 2 

. Brewers’ Association. 2 

. Supt. of Documents, 55 

. Dept. of Agriculture. 36 

. Census Bureau. 35 

Civil Service Commission. 2 

. Navy Department. 3 

. Geological Survey. 7 

. S. Education Bureau. 5 

. S. Interstate Commerce Com- 

mission. 1 

U. S. Land Office. 1 

Universal Portland Cement Co. 5 

Wisconsin, State reports. 1 

Warren, F. H. 1 

West Virginia, State reports. 1 

Williams College. 1 

Weems, J. B. 1 


adacececc 
TA MTT! MMMM 


Miscellaneous, (Donors unknown) 57. 


On our regular periodical subscription lists are 299 publications, Amer- 
ican and foreign, of which the College purchases 256, and the Experi- 
ment Station 48. These periodicals are for the most part bound, and 
become a permanent and valuable part of the library. 

We also receive a number of publications which are sent either as 
gifts, or in exchange for our own publications. The list follows: 


American Farming. 

American Hereford Journal. 

American Iron and Steel Insti- 
tute, Bulletins. 

American Issue. 

American Lutheran Survey. 

American Midland Naturalist. 

American Miller. 

American Poultry Advocate. 


Advocate of Peace. 

Agricultural Digest. 

Agricultural Gazette of Canada. 

Agricultural Gazette of N. S. 
Wales. 

Agricultural Review. 

Allegan Gazette. 

American Cheesemaker. 

American Economist. 
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American Sheepbreeder. 

American Swineherd. 

American Thresherman. 

Angora Journal. 

Annals of the Missouri Botanic 
Gardens. 

Australiasian. 

Australian Museum, Records. 

Bay City Times. Daily. 

Bear Lake Beacon. 

Belding Banner. 

Berkshire World 
Stockman. 

Better Farming. 

Better Fruit. 

Big Four Poultry Journal. 

Bi-Weekly Farm Bulletin. 

Blue Valley Bulletin. 

Boletin de Agricultura, Sao 
Paulo. 

Boletin de Ministerio Agricul- 
tura. 

Brooklyn Botanic Gardens. 
Leaflets. 

Brownell Dairy Farmer. 

Bulletin of the Grand Rapids 
Public Library. 

Bulletin N. Y. Botanical Gar- 
dens. 

Bulletin of the Pan-American 
Union. 

Bulletin Boston Museum of Fine 
Arts. 

California Academy of Science, 
Proceedings. 

California Home and Farmer. 

Canadian Forestry Journal. 

Canadian Horticulturist. 

Canal Record. 

Carlisle Arrow. 

Chicago Packer. 

Christian Science Monitor. 

Christian Science Sentinel. 

Christian Science Journal. 

Clinton Republican. 

Cold. 

Coldwater Republican. 

Commerce Reports. 

Commercial Fertilizer. 

Comptes Rendus des Seances de 
TAcad. d’Agri. de France. 


& Cornbelt 


Congressional Record. 

Daily Drovers Journal & Stock- 
man. 

Dairy Record. 

Dakota Farmer. 

Daughters of the American Reyo- 
lution Magazine. 

Detroiter. 

Duroc Bulletin. 

Kast and West. 

Edison Monthly. 

Electric Traction. 

Etude. 

Farm Adviser. 

Farm Engineering. 

Farm Life. 

Farm Machinery: Farm Power. 

Farm Stock and Home. 

Farm and Fireside. 

Farm and Home. 

Farm and Ranch Review. 

Farmer and Breeder. 

Farmers’ Advocate and Home 
Journal. 

Farmers’ Advocate and Home 
Magazine. 

Farmers’ Guide. 

Farmers’ Wife. 

Farming Business. 

Field. 

Field and Farm. 

Flour and Feed. 

Flour, Hay, Grain and Feed. 

Fruit Belt. 

Fruit Grower. 

Fruitman and Gardener. 

Gas Power. 

Gleanings in Bee Culture. 

Grand Rapids Herald. 

Grange Forum. 

Grape Belt. 

Guernsey Breeders’ Journal. 

Hastings Banner. 

Hastings Journal-Herald. 

Hawaiian Forester. 

Hoard’s Dairyman. 

Holstein-Friesian World. 

Homestead. 

Horsebreeder. 

Horse World. 

Horse Shoers’ Journal. 
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Hospodar. 

House and Garden. 

Idaho Farmer. 

Illinois Agriculturist. 

Illuminating Engineer. 

Imlay City Times. 

Improvement Era. 

Independent Farmer. 

India, Agricultural Research In- 
stitute, Pusa. 

India, Agricultural Journal. 

India, Agricultural Research In- 
stitute, Pusa, Memoirs, Bac- 
teriology Series, Botany Series, 
Chemical Series, Entomology 
Series. 

Indian Farmer. 

Indian’s Friend. 

Indicator. 

Ingham County News. 

Intercollegiate Socialist. 

International Institute of Agri- 
culture. Publications. 

Jersey Bulletin. 

Jewish Farmer. 
Johns Hopkins University, Cir- 
culars. 
Journal of 
search. 
Journal of the American Bank- 
ers’ Association. 

Journal of the American Insti- 
tute of Architects. 

Journal of the Board of Agricul- 
ture & Fisheries. London. 

Journal Cincinnati Society of 
Natural History. 

Journal of the College of Agri- 
culture, University of Tokio. 


Agricultural Re- 


Journal of the College of Agri-. 


culture, 
Sapporo. 

Journal for  experimentelle 
Landw. (Printed in Russian 
language). 

Kalamazoo Gazette. 

Kalamazoo Telegraph. 

Kansas Farmer. 

Kimball’s Dairy Farmer. 


Imperial University 


Lister Institute of Preventive 
Medicine, Collected papers. 

Lansing State Journal. Daily. 

Lewiston Journal. 

Liberty. 

Lincoln Freie Presse. 

Live Stock Report. 

Louisiana Planter. 

Manton Weekly Tribune. 

Mark Lane Express. 

Market Growers’ Journal. 

Menorah Journal. 

Message of the East. 

M. A. C. Record. 

Michigan Farmer. 

Michigan Mirror. 

Midland Naturalist. 

Midland Republican. 

Milchwirtschaftliches 
blatt. 

Moderator-Topics. 

Modern Gladiolus Grower. 

Monthly Bulletin, California Com- 
mission of Horticulture. 

Monthly Crop Report. 

Monthly Review, United States 
Labor Bureau. 

National Association of Corpora- 
tion Schools, Bulletin. 

National Daily. 

National Farmer. 

National Grange Monthly. 

National Stockman and Farmer. 

New York Meteorology. Draper’s 
Hourly Readings. 

New York Produce Review. 

News-Palladium, Benton Harbor. 

Nova Scotia Institute of Science, 
Proc. & Trans. 

Nut Grower. 

Official Gazette, United States 
Patent Office. 

Ohio Farmer. 

Ohio Journal of Science. 

Oklahoma Farm Journal. 

Orange Judd Farmer. 

Oregon Farmer. 

Osceola County Herald. 

Our Dumb Animals. 


Central- 
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Owosso Press American. 

Pacifie Daily Review. 

Park and Cemetery. 

Petoskey Independent Democrat. 

Philippine Agricultural Review. 

Philippine Agriculturist & Fores- 
ter, 

Poland China Journal. 

Poona Agri. College, Reprints. 

Poultry Life. 

Poultry Pointers. 

Poultry Tribune. 

Practical Farmer. 

Proceedings American 
sophical Society, Phil. 

Public Health Reports, U. 8S. Ma- 
rine Hospital. 

Publicity Magazine. 

Reclamation Record. 

teliable Poultry Journal. 

tevista Industry Agricola de 
Tucuman. 

Rhodesia Agricultural Journal. 

Rockefeller Institute for Medical 
Research, Studies. 

Rural New Yorker. 

Saginaw Daily News. 

St. Joseph Daily Press. 

Salt Lake Herald Republican. 

Scientific Farmer. 

Sea Power. 


Philo- 


Shepherd’s Journal. 

Smithsonian Institution, Con- 
tribution to U. 8. National 
Museum. 

Smithsonian Bulletins, U. S. Na- 
tional Museum. 

Smithsonian Miscellaneous Col- 
lections. j 

Societa degli Agricolturi Italiani. 

Southern Fruit Grower. 

Special Crops. 

Square Deal Magazine. 

Standard and Poultry World. 

Successful Farming. 

Successful Poultry Journal. 

Sugar. 

Thresherman’s Review. 

Tribune-Messenger. 

Tuscola County Advertiser. 

Up-to-date Farming. 

Vertical Farming. 

Wallace’s Farmer. 

Weather Review, U. S. Depart- 
ment Agriculture. 

Weekly News Letter, U. S. De- 
partment of Agriculture. 

West Indian Bulletin. 

White Breeders’ Companion. 

Williamston Enterprise. 

Wilson Bulletin. 

Yale Review. 


The publications of the U. 8S. Department of Agriculture, and the bul- 
letins of the various state experiment stations, together with the card 
indexes which cover them, are received and filed in the library. We 
also receive and file the catalogues from the leading educational institu- 
tions of the country. These are received in exchange for our own cata- 
logues. 

The number of books loaned during the year for home use was 9,075. 
The largest number went out during the month of February, and the 
smallest number in September. The numbers loaned during those 
months being 1,158 and 248 respectively. 

We desire to acknowledge our indebtedness to the librarians of the 
John Crear library, the Library of the University of Michigan, the 
Johns Hopkins Library, the Library of the U. S. Surgeon General and 
the Library of the U. S. Department of Agriculture, for books and per- 
iodicals which they have kindly loaned to us. 

We have only words of commendation for our assistants, both of 
whom have been faithful in the discharge of their duties, and both of 
whom are leaving at the close of the year. Miss Trebilcock, who came 
to us for one year only, has accepted a position as teacher of domestic 
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science, and Miss Carpenter has decided to give up library work, and 
has accepted a position in the public schools of her honre city. Miss 
Palm, who has been away on leave of absence during the year, will re- 
turn to us, and her many friends will be glad to welcome her. Mr. Hal- 
sted, our student assistant, has proved most efficient, and will remain 
with us next year. 

Additional stackroom has been provided by means of excavating be- 
neath the Library Building, and the placing of book shelves and electric 
lights in the room thus afforded. This extra room has enabled us to 
bring into the Library Building all library matter that had for so many 
years been stored in various places on the campus, and we take occa- 
sion to thank you, Mr. President, and the members of the State Board, 
for the convenience afforded by having everything under one roof. 

With the burning of the Engineering Hall the college lost 167 volumes 
that had been catalogued for the various departments housed in that 
building. We have no record of the uncatalogued books. 

During the winter term, and the early part of the spring term, the 
library doors were opened at 7:30 a. m., instead of 8 o’clock for the 
accommodation of non-resident students who might arrive upon the 
grounds too early for the first class period. With this exception, the 
library hours have remained unchanged. 

To the library of the Experiment Station there have been added 122 
volumes, of which 19 were purchased, 13 were gifts, and 90 came by bind- 
ing. This library contains 5,077 bound volumes. The College library 
numbers 37,123 volumes. Total in both libraries, 42,200 volumes. This 
number includes all department books so far as they have been cata- 
logued. 

Respectfully submitted, 
LINDA E. LANDON, 
Librarian. 
East Lansing, Michigan, June 30, 1916. 
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REPORT OF THE REGISTRAR. 


President F. 8. Kedzie, Michigan Agricultural College: 


Dear Sir—I herewith submit my report for the past year. 
The total enrollment in the different divisions is as follows: 


REGULAR FOUR YEAR COURSES. 


Agriculture and WOLeStry is? ssc cicercisss sieve Gee Won OE BU ee eee 874 

EMPANSSTING 5 Fiore cians oR tense store es Tho ere pete ee ED eaten re ne ae ee 408 

Home HCONOMICS 5.25. .27ae,< Sucka se rope ewer Whar einee ashe eR TO URE eee nene 368 

Veterinary Medicines 53 aise cick a cio vrtoteyo ee eee ee Ee ee ee eee 67 ; 
WOtal soos bile cisys veers oeebberrs oe ace sul a etolese ea.e 6.5 8b Sem RN kee eC eee Lala 

SHORT COURSES. 

wo, ear, Course dn Apriculture: 2 <., creases 5 cre eiotese orth ches core SITE Loco ee 170 

Eight Weeks Course in Agriculture and Home Economics...................e00: 217 
OBA Se ays iat tatatesy aetna rere etek cles eee Bie olg BRe SMe ata Ea ene TOE erences OTC Or Sen ae 387 
Total iniall COUTSCS . Fi; 3 2k sre cectye nus ee wate e-cee Oe oie tee Oe LIne oR ne coe 2,104 

Names repentediing coh sched esuata bls Wagers endsese lesa, hora Ast aieqeisterensscnere MRIS AAC ee abilit 
INGOT GbALS fons srs pelsie ls mish atelier meat ae baits seals: « Lae DERE aay ene PIE ORT eee 1,993 

ENROLLMENT BY TERMS. 

Course. Summer. Fall. Winter. Spring. 
AvricultunelandHorestiy sas oe aie Peet en tiene ek 93 744 709 665 
HP LLCCTAL Er cysvte as ale toh acon vanstane Githeretete, eromione ieee alee 35 378 334 313 
IGM CHE COMO GSE ae ty ase cen econ oe Rareter raretanslonens 38 317 307 288 
IMOLETINATY MVICGICING: cero cone cise ches nic eysbeennn erections 9 44 47 45 
GETACUATC See Soa esas ie ie ea ieee Oe oa LE ee ee eee ee ee 16 14 15 

MLOGAISE Static wie ape teeta: Gres RA eee ee eee 175 1,499 1,411 1,326 
ENROLLMENT BY CLASSES. 
Fi - . Home ; 
Agriculture. | Engineering. Economics. Forestry. Veterinary. Totals. 
Graduates........ 20 ese Raia neni 2g ctondetaheie aterall(e-apsteyeroiecens inet 22 
DEMOS cyetoielsielcterene 113 (al 64 11 6 265 
PUBIONS Ee cleee eee 140 83 60 12 12 307 
Sophomores...... 210 88 aL 12 18 399 
Freshmen........ 248 131 LQO ae enctarae 22 521 
Special Students. . lt teree av elie us eles tenets as Yi ne eer rates IS Gael eae 28 
Summer S’n, 1915. 81 35 38 12 9 175 
WITHDRAWALS = 
l 
Fall. | Winter. Spring. 
| 
ViOLUINGAT YS AiR rete ec elc hes eens abe so avometarenenee Sree om te kaa eee ere 139 91 | re ST, 2 
BCHOIATSDID : Ssccarlatteers, niousveve isc basics ale «ous woe e. choo ace ee 18 7 | 8 


ID alt Re sn peecoogdoDo UU sop s OOO n A755 LAD nooGn deur oobososcanosolsscoose- eolscieryoo.30 5 : 


i 
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GEOGRAPHICAL DISTRIBUTION OF STUDENTS. 


MICHIGAN. 

Counties: | 

ANCONA Ss 9ic.<5.0 05 2 Te se 1 Grand) Traverse. <<... 20 | Menominee............ 4 
PAN Gra heave fers hha alaetel ola IOV MIGTATObA nes cesta LOA Mii dani ast. stein. eects a 
AALS STIS 0 ASS bc ontelni hee CONG QAP WHC ic obo aocpeend Oa) IM GIS EE DURE GY Ahrs oath coe ae 3 
WATIET ITO eee iece 8 accept are Selous htom yok clas cree EON RINE ONTOSI N.S. votes. Sis Sreus 5 
PATODAGC. |. o)0:0fe co aelsials © Sail JERR Sts 6 Griblb om Ob blo 8 | Montcalm............. 8 
PVA AE Bart race! crohatorevalwce thes PUT ATA TI cesce sei sissateussenane sere 237. | Muskegon: <\..seretsere 19 
IBETEY. Sf ayreisc ers cits ec clae eels ol GPE OIA oterafosas aehece.cnars, sice.6 6 12 | SNOWY 20% 0k Setar obelao = 12 
MES GL Waetrayiay ciate, vce cf ey esexcie seen DFG GU OSCOss| oe roate salsa 2 els 7 Oakdland sie. at.ceersee 31 
PRGUZ1O)s, siclersi sists eae sesreawe Gale LE OL ates ospaie suc tetas secre 4 | $OGCAN AK cis sis ees eerste 18 
IR OLMIOM : reieiare Hota eee eresele Sa emtisabellasn: jo osrelos csi s-cce LOW OSEMAW eis ael-citaeeeeaete 1 
IPAM CH Aare cicucrs tiatae ts terele DOW ACK RON = ce ereiatie ie shots 32) || Osceola sersddeaes cree 10 
@alhounistatscrayert ckostetes SO EA neon A Sono one dae DTN OTSER OR ta ces occ uceetereta nus 1 
(CECT taniois f eeinest ett toca OF eI A Ka a ytanesaiectetere avers AN OMGAW Bin nck ate scelerstelo wae 21 
Charlevoix... wesuisees Seen ities ovis cis aiacarete eae cekets 66 | SRoscommion’.) oe snes. 1 
Gheboyran. x24. cee Playa ee 2 5.8.oiton sist castes WG SAGA Walshe cists -nele) keto oie 26 
CHIPPC Wars. of. sis Sits ai AeA PECTS cr cyetavecetes? 5 oe ererels Syl Sanilac? swce scree acne 13 
COV AMOMS oust cpcnapeicrew 2 oe ete ons il Seana SS pere vais oer eneite el aike 4 \¢Schooleraitie ie. ca ets 8 
GlmtOne: «sence sess ee PAu) Wenaweels a. eo cee osu 25 MSHIBWASSCO. 5 ae Sete 15 
Crawford DaNelivinestOl..sjos- steele O: | MStiClain ans 25 
Delta AL ICO es ee open trace keretenoers 1M Ste SOSep hi. istrse, «conver 18 
Dickinson TAD IVER CKIN AC pence seen snes = Te Buscolates >. Soskristiets < 13 
Eaton OUT WE aC OMI yer. aceon: hes 9S VanrtBurenie. cise ae 26 
Emmet j HD) lho Manistee: «222005 osceas a 5-| Washtenaw............ 15 
Genesee... 3 Boe VERGE bere ve asic en! oe 19s Wiad yNe ieee, fvairttetes 94 
Gladwin Si | ANPAS OME « cisvarsts iarstene eee AA Wiextordl sao vic ek eet Uf 
Gogebic AP PI ECOB PA cies ster ei ehelee! ote vive 5 


mn  —————————————————— 


OTHER STATES AND COUNTRIES. 


er 


PAT TIBAS ate eve l'euins canto «006 MEI MOS Ob Aa sa cies cis eter 3 | South Carolina......... 1 
1G ek so gcem ota OSes DG SIVIASSOUTL pi nele crave gare sr=ie 3 | South Dakota.......... 1 
CalfOrmignie tw eieie sats 4 | New Hampshire........ AAW eNTESSCG tere or ceicunier taps 1 
GhINR ae nis ha aiek = Si PING RUGIEN ine apoeodocnos Gil le LLOX AS Recey rer s\eicicasestevevehshot- 1 
Connecticut. 20% 53 sti LOGS Nie wa WexICOliens scar clereve 1 RUE RAD Gl ee is oe ee 2 
CiOlOTAC Ol osetia tors = BE NO@We vor. c.22. oogenesis es GSr|GMermonbr creer cides ti 
Greece....... Ms, Seeeeta IiEeNonth Carolinas. im.: wor Ah RAVE PAIN A ar... sapenshet veer stonsroxe 1 
Hib OEE Siocmcr ce coco 25 | North Dakota......... 1 | Washington............ 1 
Mina AT yoy eyo 5) seers ices sya obs 2B ee NONWRYpa ces wisiire is, oxs che ote 1 | West Virginia.:........ 1 
NBANISAS Ys «oi |. clannahees!s sie 35 a OMIO ro fx eke scorers anaes 4 RWWASCOTSLIN 3 avai si seep noel ake 3 
RGEC eyed ote a ceberciesel a ORLANOMIA spepteic ereneieterelcls 2| Wyoming...... cone eae 2 
INT AINO se ase cars i coreere 1 | Pennsylvania.......... 26 | Dist. of Columbia...... 4 
Massachusetts......... U2 Scotland stensa selena te il 
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DEGREES GRANTED JUNE 14, 1916. 


BACHELOR OF SCIENCE, 


a, Agriculture; e, Engineering; h, Home Economics; f, Forestry. 


Alderman, Abe Leroy, e. Hess, Samuel Otto, e. 
Anderson, Harriett Louisa, h. Hinyan, Reeva Irene, h. 
Atchison, William Joy, a. Hobbs, Glenn Irvin, a. 
Atzenhoffer, Arthur Herman, e. Hogue, Rozetta Julia, h. 
Avery, James Walker, a. Holihan, Glenn Gallinger, e. 
Awotin, Arnold, a. Horan, Harold John, e. 
Barlow, Glenn Alvin, e. Hunzicker, Alfred Herman, a. 
Barron, Allen Willard, e. Hurd, Ruth E., h. 

Bates, Sadie Isabelle, h. Ide, Zelma Celia, h. 

Beach, Elinor Frances, h. Jackson, Roland Burnard, e. 
Beatty, Elmer Earl, e. Jackson, Truman Lewis, e. 
Beatty, Howard Elsworth, e. Jensen, Michael Byron, e. 
Beden, Wallace Seth, a. Jessop, Henry Alexander, a. 
Berry, James Alexander, a. Johnson, Charles Hans, f. 
Betts, William Henry, e. Johnson, Elsie Marie, h. 
Bigelow, Royal Gilbert, e. Johnson, James Merrill, e. 
Bloemendal, George William, e. Johnson, Ralph John, f. 
Boatman, Serene August, f. Jones, Don Fred, e. 

Bogan, George Richard, a. Jones, Laverne, bh. 

Bos, Gerald, a. ; Keating, Esther Ann, h. 
Bottomley, Myrl Elijah, a. Kelley, William Cornelius, a. 
Brandell, Bernard Henry Andrew, a. King, Karl Burnett, a. 
Brown, Waldo Berkey, e. Kinney, John Miller, a. 
Brownell, Stanley J., a. Kivela, Emil Wilfred, e. 
Buell, Warren Monroe, e. Knickerbocker, Walter George, e. 
Bunt, Floyd, e. Knudson, Robert O., e. 
Cade, Mary Blanche, h. Kuenzli, Alice May, h. 
Caray, Glenn Waldo, a. LaFever, Albert Martin, a. 
Caray, Nina Lucille, h. Lahym, Gladys Lucile, h. 
Carlson, Floyd Alfred, a. Lankey, Francis Irving, e. 
Casterton, Ethel Marion, h. Larson, Emil Waldemar, e. 
Childs, Francis Marion, a. Lautner, Robert Wenzel, a. 
Clark, Harold Allison, a. Layer, John Uriah, e. 
Coburn, Laurance Fred, e. Lewis, es he 

Cole, Laura M., h. Lewis, Herdis Leo, a. 
Coleman, Rose, h. Linton, Robert Spencer, a. 
Cooper, Herbert Goddard, a. Loesel, Clarence Michael, a. 
Coppens, Pauline Mary, h. Lux, Gustave Joseph, e. 
Cowles, Howard Elwyn, a. McCrary, Colond Marvin, e. 
Crisp, Harry James, a. MacDonald, Katherine, h. 
Croninger, Lydia Mae, h. McDonel, Kar! Hanchett, a. 
Cushman, Elmer Edward, a. McFarlane, Walter Daniel, e. 
Daprato, Neno Joseph, a. McKinley, Grace Porter, h 
Davis, Carol Marie, h. : Maas, John Baptiste, f. 
DeYoung, Martin James, e. Makemson, Walter Kenneth, a. 
Dimmick, Thomas Burdon, e. Mans, Louise S., h. 

Dunn, Percy John, a. March, Norris Elmer, e. 
Edison, Helen Jean, h. Martin, Charlotte Grace, h. 
Hichelberger, Maurice Barkley, e. Martin, Edward Wheeler, a. 
Hisenlohr, Amanda Isabel, h. Matteson, Roy Emerson, e. 
Eriksen, Rudolph, a. Maze, Jacob Moses Handel, a. 
Felt, Lutie Pauline, h. Meisel, Frieda Mary, h. 
Ferle, Allan Weldon, a. Melican, Martin Bernard, a. 
Fisher, Lawrence Drake, e. Menerey, Earl James, e€. 
Freeman, Milton Rush, a. Miller, Clayton Carrick, a. 
Friedrich, Oliver Henry, e. Miller, Hiram Hewitt, a. 
Frost, George Barton, a. Miller, William Blake, a. 
Fuller, Henry Harrison, a. Milroy, Claude Baird, e. 
Fuller, Merrill Sylvester, a. Moll, Bernard, e. 

Godfrey, Alfred John, a. Moore, John Morris, e. 
Godkin, James, a. More, Ellsworth Burnette, a. 
Gork, Lewis Henry, a. Morrison, Victor Nelson, a. 
Gorton, Walter Thomas, e. Morse, James Lyman, e. 
Greve, Lyman Tilden, f. Morton, Henry Earl, e. 
Gruner, Vera, h. : Murphy, William, a. 
Hacker, Fern Geraldine, h. Nelson, Raymond, a. 
Hacker, Forest Glen, a. Nicholls, Clarence Alfred, f. 
Haddon, Margaret Jane, h. Nobles, Charles George, a. 
Hagedorn, Frederick Arthur, a. Normington, Olive Louise, h. 
Halsted, Bessie Althina, h. Oakes, Henry George, e._ 
Hamlin, Edgar Gale, f. O’Callaghan, John Washington, a. 
Handy, Kittie Marie, h. Olin, Mae Belle, h. 

Hatch, Helen Fern, h. Olsen, Arnold Lauritz, a. 
Heitsch, Helen, h. Olson, Olaf Arthur, f. 
Hendricks, Lauretta M., h. Osgood, Douglas Harry, a. 


Henning, George Leslie, a. Oviatt, Clarence Roy, a. 
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Pardee, Lynn J., a. Steele, Eugene Robert, e. 
Patch, Gifford, Jr., a. Stinson, Harold Cecil, a. 
Peabody, Ford, a. Stoll, Florence Amelia, h. 
Pellett, George Watrous, a. Swank, Kinley Roy, a. 
Peterson, Ralph Wesley, a. Swift, Leah Esca, h. 
Petrie, Helen Winifred, h. Taft, Ethel, h. 
Phelps, Narcissa, h. _ Taggart, Van Cleve, a. 
Pierce, Sylvester Samuel, a. Thomas, Walter Phelps, f. 
Piper, George, a. Thomason, Lillie Ethel, h. 
Postiff, Claude, e. Thompson, Chester Earl, e. 
Pratt, Anna Claribel, h. Thompson, Frank Burton, a. 
Pratt, Helen Columbia, h. Thompson, Fred Avery, f. 
Pressler, Frederick Herman, a. Torezken, Abraham, a. 
Pressley, Cecil Perth, a. Tower, Paul Vivian, f. 
Price, Ruth M., h. Trezise, Frederick William, e. 
Proctor, Merrill Albert, a. Turner, Bessie Burdick, h. 
Puhle, Bertha Henrietta, h. Ulbright, Ralph Allyn, e. 
Ralya, Lynn, a. Utley, Uhl, e. 
Raven, Clarinda Ayesha, h. Vaitleau, Russell Frank, a. 
Rawson, Walter Jones, a. Van Aken, Hugh Marcus, a. 
Reed, Irvine Nixson, e. Van Buren, Jacob, e. 
Reed, Rhoda Robin, h. Vedder, Katharine Helen, h. 
Richards, Charles Newton, a. ‘Wagner, Ruth Evangeline, h. 
Richards, Harry John, e. Waltz, Albert Lewis, a. 
Ricker, Fred George, e. Warmington, Thomas Jeffery, e. 
Ritchie, Arthur John, e. Warren, Gilbert Ray, a. 
Robb, Elda Iantha, h. Waters, Carl Bliss, a. 
Robinette, Allan Barzilla, a. Weaver, Lloyd Leander, e. 
Rood, Paul Joseph, a. Webber, Henry James, e. 
Russell, Nita Octavia, h. Wells, Louis Silas, a. 
Rutherford, Anna, h. Wheeting, Lawrence Clifford, a. 
Sears, Lucius Daniel, a. White, Ralph Dexter, e. 
Secrist, Gerald Allison, a. Wilder, Louella Maud, h. 
Semenow, Saul David, a. Williams, Loren, a. 
Shearer, Marshall H., a. Williams, Ruth Marion, h. 
Shields, Oscar Simon, a. ; Willoughby, George Alonzo, e. 
Smallegan, Alice Elizabeth, h. Wilson, Luther Earl, a. 
Smith, Carl Albert, a. Winslow, Arthur Banister, a. 
- Smith, Everett Grant, a. Winston, Clarence Noble, e. 
Smith, Gideon Edward, a. Wright, Arthur Wilbur, e. 
Smith, Justin Porter, e. Wright, Helen Abigail, h. 
Spencer, Earl Henry, e. Wyant, Royce Wilard, a. 
Stafford, James McNutt, a. Yates, Everett Claudius, a. 
Stanley, Leo Roswell, a. Zieske, Emma Ottille, h. 


DOCTOR OF VETERINARY MEDICINE. 


Bates, Frank Reed Massie, Wilfred Bernard 

Couchois, Clifford John Runnells, Russell Alger 

Hough, Earle Mansfield Sales, Edward Karns 
MASTER OF SCIENCE. 

Fu, Pow Kwang Krakover, Leo Julius 

Gruzit, Oswald Martin Ockerblad, Frederick Otto 

Harrington, Oscar Edwin Wolkoff, Michael Ivanovitch 


Harvey, Earl Munn 


MECHANICAL ENGINEER, 


Fuller, George Brinkerhoff Hartman, William Henry 
Valentine, Floyd Herbert 


CIVIL ENGINEER, 
Hitchcock, Warren Wayland Neilson, Wilhelm 
MASTER OF FORESTRY. 
McKibbin, Ciifford Worden Wales, Henry Basil 
HONORARY. 


Charles Christian Georgeson, D. Sc. 


In addition to the above, the following degrees were granted at the 
close of the summer session, 1915: 


BACHELOR OF SCIENCE, 


Hagy, Russell Jacob, a. Plumstead, Charles Edward, a. 
Vaughan, Florence S., a. 
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MASTER OF SCIENCE. 


Beach, Walter Spurgeon Peiser, Kurt 


SUMMARY OF DEGREES GRANTED DURING THE YEAR 1915-16. 


Bachelor of Science: , 
ASricultural GOUTAC seis ove vs ake everele felevel age  iloteienete x elovakolone token et eall dite iets felstiatattal ieee 104 
MnginesrineMCOursOss sss. o-ccbeisices dass clots c oe me senshi Cech Mier citrine 66 
WOTESEIY 1 GOUTSO wales fais layaieis sien Pole chelerellace wionetelevelieNehene) veveta sled ahoilelole er via RekaleteneOeieMestci els asl 
Home MeconGmies! Course 5.050 eis oteee ws vge cca e spare Geile. eyes ope ota aeer cle ce emsie Rape Meee cer eee 62 ae 
Doctor of Veterinary Medicines .)...j wesc. 0 ora sped Sls ar Yeveeee. eke ay ele ole OTe Ie toueet eee Nemes tenet ee eee 6 
Waster-of SClOnCG sc ie ead S Sic es wie whee eee ee buch CTS Te Te UH De te gece) cae ee 9 
PTGLOSSIOMAL LRCATOES's, vie acctls's SPS ees meee taele ele cous mauve ere Te) Soleus enetopen ole heseitel Amen ReN te Pe Rauetes Ree pened TA 
TAONOLALyY DGRTEC., vise) sic lems ere cunrere che nate ee ye as ore talle Meueetinnsicane topo oe oka is oka tele eae eee ee een ene reent 1 
TOG <a c ced he tiatalls AWB ee Uw MR eee ee wave VE a ee al ents NCH b 1elgasle Atte SAMS RC ae cee Ree tee ee 266 
STATISTICS OF ENTERING CLASS. 
Number enrolled. 
APTICUITITAL COUTSO sprees needa teres © isi S vito ein’ s 0 leisvelejal ce enic ae gegen ee tet eee renee aes 265 
Bingsineering (COUTSC is oesccd ce olero be ckelsverclere eke eieue eis 2) /ovey/e wioieia-ovetene eich a) opel e eke cen aneeral eked oe aera 130 
Home Economics Course 132 
Veterinary Medicine! Course): stim cli oles s okeslelerelohelicvels oi +1 yds ian ds aWaLn- beg te to Peat aan CalPERS Seon 13 
etl) 1 OR Der CeS e eR nA SR iG ra eo ee on eee aCe oie Oidicte KS AO Gos oS Blend os. 540 
Preparation and Admission. 
Graduates of Accredited tEiigh SCHOOIS verre ciel ouster: wieie lel eels Crs lore) « eile sieleonee dot lees esther emer wee 426 
ich School creditsand sh xamlmationms ys sree soloists alone cls etoile le foain olen bene cae ee eee 16 
Credits fromother: Colleges tee oes oe eccoe ereuere, ehcnanele otitensteielbetel mt ceretenes oteleven anette tape eaete teeta tenet 98 
S800) 2) a se See AEE man Sire Ame Oo Std Git ne Od Abia G eco ope Gn 0 o 540 


CHURCH AFFILIATIONS. 


Members. Preference. Total. 

| 

| 
ANG hig sh tc] RRO OR Oe ORT ARE EO ieee a CI CRO oinaicen Its 5 dase dite tet tees | 1 
ADHSt tent netics eee io ¥h,, Wann Rc sctrn ete coteas yates RO Res 26 1b) bey 37 
POP Asta) oe, Me Oe Rin SNAG AOR GID Oe, oe eM MONA anlioaher so mit's c 16 3 19 
(Globy in Ey bee, sae eta Seen Te on heh lek Ud aeRO OIG OLN OLE oct OG 7 ay 8 
Ghiristian Reform ed pre. arin raeienet an cheba ekeenepe sate cele eres) cep ya etstatols nua il 1 

| 
GhHristiamiScienceee. me tictomts cmt reietelecistcin ies eels inate ita 1 4. | 5 
ChurchvonGhriste ee ce ae teen one erect organs Bt Ree as eer 3 
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The remainder of the class_expressed no preference. 
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FATHER’S OCCUPATION. 
Agricultural. | Engineering. E ete cs Veterinary. Total. 
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This year data was compiled and a graph prepared, with the assist- 
ance of the Department of Mathematics, showing the comparative class 
standings of the different literary societies at the College. We have 
every reason to believe that the effect of this has been sufficiently good 
to warrant a continuance of the plan from year to year. 

A new plan of registration and classification was also put into effect 
this year. While it is too soon to make a careful judgment of the 
scheme, the saving of time for both student and instructor, as well asi 
other features of the plan, would make it advisable to adopt it another 
year. 

The routine work of the office such as recording of grades, publishing 
the annual Catalog and Student Directory, assigning dormitory rooms 
and the making of schedules, has been carried on as usual with the as- 
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sistance of Miss Anna Ferle, Assistant Registrar, and student help at 
various times. 
Respectfully submitted, 
ELIDA YAKELEY, 
Registrar. 
Kast Lansing, Michigan, June 30, 1916. 


REPORT OF THE DIRECTOR OF SUMMER SESSION. 


President F. S. Kedzie: 


Dear Sir ered submit a report of the work of the Summer Ses- 
sion for 1916. - 

The session opened June 19 and closed July 28. The date for opening 
this session should be carefully considered, since several teachers in at- 
tendance this year were compelled to enter late because their schools 
did not close until opening week of our session. 

The following statistics will convey information of importance and 
interest: 
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DISTRIBUTION OF STUDENTS. 
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The attendance has been sixty-four larger than last year. The enroll- 
ments have been distributed through a large number of departments 
with a considerable degree of uniformity. 
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I would direct your attention to several features of the session de- 
serving of special comment in this connection. 

The record of attendance shows that twenty-eight graduates of M. A. 
C. have been enrolled in this session; also that, thirty-six graduates of 
other institutions, including the University of Michigan, Olivet, Hills- 
dale, have been in attendance. Furthermore, that seventeen students 
have been in residence as candidates for advanced degrees. More stu- 
dents of this type have availed themselves of the Summer Session this 
year than in previous years. A large percentage of these persons can 
be with us only in the summer. 

This year the. College offered for the first time, special courses for 
teachers in the rural schools, and for county normal teachers. These 
courses included the different lines of agriculture, including farm 
crops, soils, animal husbandry, dairy husbandry, poultry husbandry 
and horticulture, also home economics, rural pedagogy, and a special 
course in English. The State law requires the teaching of agriculture 
in the rural schools. Obviously the teachers for these schools have had 
little opportunity to be trained for this purpose. Aside from the very 
elementary courses given in the State Normals,and the work in agricul- 
ture in high schools through the State, there is no opportunity for these 
teachers to get instruction. It is natural that the public should look 
-to the College to contribute to the stupendous problem of preparing the 
7,500 rural teachers to perform this duty of teaching agriculture more 
intelligently. The College can not be expected to give class room in- 
struction to this army of teachers, but it may render invaluable ser- 
vice by training those who are to teach the rank and file. This would 
include the teachers of agriculture in the forty-five county normals; 
also, by extending the teaching of agriculture in the secondary schools. 
At the same time, it should provide for instructing such numbers of 
rural teachers as can be brought to the campus during the Summer Ses- 
sion. Another function for the College in this connection and one of 
fundamental importance, is that of shaping the subject matter to be 
taught under the name of agriculture. At present the content of the 
term agriculture is undetermined. Much has been written in the way 
of text-books, but the subject matter is not standardized. The College 
can perform a large function in helping to shape up this content and to 
put into the hands of tlie teacher serviceable literature. At the sug- 
gestion and the direction of yourself and Dean Shaw, this plan is al- 
ready under way. 

Much of the foregoing may be said about home economics. Although 
not required as a subject in the rural school as yet, there is demand for 
instruction in it by the teachers. Dean White and her associates have 
offered such work for rural teachers for the first time this summer, with 
highly satisfactory results. 

Courses in rural pedagogy and English, designed to assist rural teach- 
ers, were given for the first time. The former dealt with the matter 
of teaching and organization of the rural school, while the latter sought 
to give instruction in ways of furnishing recreation and entertainment 
for rural communities. These courses proved to be very attractive and 
acceptable to a goodly number of the teachers in attendance. 

For the first time, the Summer Session offered work in manual train- 
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ing and drawing. A small group enrolled in these subjects, but the 
members were very appreciative of the value of the instruction given to 
them as prospective teachers. No doubt more would have enrolled in 
this had our announcement in the bulletin been more specific as to the 
nature of the work and the amount of credit to be received. I believe 
courses in these lines can be made very attractive and helpful to teach- 
ers if they are adapted to the needs of such students. 

Widespread interest prevails in our State at present in the economic 
problems pertaining to agriculture, such as cooperation, marketing 
and farm accounting. In order that the best thought in these lines 
might be presented, the Department of Economics arranged to have 
specialists present a series of lectures during the session. Accordingly 
Dr. A. L. Cance of Amherst, Massachusetts, lectured for two weeks on 
the topie of Cooperation; Dr. E. D. Jones, Ann Arbor, two weeks on 
Marketing; Dean J. A. Bexell, Corvallis, Oregon, and Mr. R. V. Gunn 
of Madison, Wisconsin, on Farm Accounting. A class of thirty-seven 
enrolled for these lectures. More detailed account of this work will 
appear in Dr. Hedrick’s department report. 

Finally, I would direct attention to the conferences. Dean White 
has held two conferences; one for teachers and for women of the State 
interested in home economics, and another for demonstrations in house- 
hold affairs. The satisfactory results from these conferences amply 
justify their existence. I refer the reader to Dean White’s report for 
further comment. 

Mr. E. C. Lindermann, State Leader in Charge of Boys’ and Girls’ 
Club Work for the State held a conference of persons interested in 
club work. Sixty-four persons were in attendance from various parts 
of the State. The object of the session was to give specific instruction 
to individuals who desire to become leaders of local clubs. No activity 
of the summer has equalled this gathering in enthusiasm and genuine 
interest. This short course of instruction will be of incalculable value 
.to the interests of the club work of the State. The College may well af- 
ford to emphasize this project in the coming Summer Sessions. 

There remains for comment, the Rural Leaders Conference, similar 
to that of last year, and designed to render assistance to ministers up- 
on rural charges and any others interested. Forty persons enrolled for 
this, thirty-three of whom were pastors in rural charges. The prob- 
lem of assisting the rural pastor to adjust himself to the needs of his 
parish is one of tremendous import and of immeasureable difficulty, the 
importance of which is as yet very slightly appreciated. The instruc- 
tion given in an agricultural college, and the environment of such 
an institution ought to contribute to this end. Through the aid of our 
faculty, supplemented by the addresses of Dr. Warren H. Wilson of 
New York City, Dean Shailer Mathews of the University of Chicago, 
and Prof. T. J. Meek of James Millikin University, Decatur, Ill., a 
splendid program was presented. The most potent tribute to this effort 
is the fact that representatives of four denominations ‘have asked the 
College to continue this activity, and have effected an organization 
among themselves to relieve the College of responsibility as well as to 
secure larger attendance of their members. 

The problems of the conferences are among the most taxing upon 
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the administration of the session. If it were not for the far reaching 
value of such efforts, the plans would be quickly abandoned, but when 
thoughtful men and women in our own State and other states accept 
these as worth while efforts, it is difficult to turn a deaf ear to the ap- 
peals for service of this kind. 

The Summer Session is indebted to members of the faculty for in- 
teresting and instructive addresses upon the Extension work of the 
College. A similar indebtedness is due to our teachers for efforts in a 
social way, including the presentation of Peer Gynt on the opening Fri- 
day evening, the picnic, the lawn fete and the social evenings. To all 
who participated to make these features so attractive, we would convey 
our appreciation. 

In general the Summer School program has been arranged along lines 
peculiar to this institution, and in so far as possible, not a duplication 
of similar sessions of other institutions. These features should be 
stressed more and more. Experience, as yet limited as compared with 
summer sessions of other institutions of the State, points to the certainty 
of response along these lines when the character of our courses becomes 
widely known. : 

In conclusion, I want to testify to the earnest work done by our 
student body of the summer, and the splendid cooperation of the in- 
structional force who have devoted themselves with unstinted measure 
to their individual lines of work in the interests of the student body and 
the success of the Summer Session. 

All of which is respectfully submitted, 

E. H. RYDER, 
Director Summer Session. 
East Lansing, Mich., June 30, 1916. 


REPORT OF STATE INSPECTOR OF NURSERIES AND 
ORCHARDS. 


To the State Board of Agriculture: 


Gentlemen—During the year now closing, the department has re- 
sponded to a considerable increase in the number of calls for assistance. 
There are not only more nurseries requiring inspection, especially those 
growing small fruit plants and ornamentals, but local inspectors have 
also asked for more than the usual amount of assistance. 


THE MICHIGAN NURSERIES. 


Especial attention is given to the nurseries in order that the stock 
grown may be free from dangerous insects and diseases, and we are 
glad to report that their condition has never been better. Not only do 
the nurserymen more fully appreciate the danger that may come to their 
business but they are more familiar with the insects and diseases and 
the remedies that should be used for them, as well as more expert in 
their application. Greater precaution is also exercised about starting 
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nurseries in sections known to be infested with dangerous insects and 
diseases. , 

At the leading nursery center of the State-—Monroe,—arrangements 
were made by this department with the proprietors of the nurseries 
by which one of the deputy inspectors should spend most of the summer 
there on the watch for outbreaks of any kind that might occur, and 
advising and aiding in their control. He was able to report at the end 
of the season that he had not found San Jose scale in any of the nurs- 
eries and, with the exception of a small amount of crown-gall and woolly 
aphis, the trees were apparently free from dangerous insects and dis- 
sases. The trees infested with the above insects were destroyed when 
dug. 

The other nurseries in the State were in excellent condition. 


WORK WITH LOCAL INSPECTORS. 


Fruit growers are each year convinced that it is only by organized 
effort that it is possible to control the more dangerous orchard diseases 
and insects, such as peach yellows and the San Jose scale, and we have 
been able’ to secure the appointment of local orchard inspectors in a 
large number of townships and villages. 

While many of the appointees are familiar with the insects and dis- 
eases which come under their observation, as well as with the duties 
of their office, such is not always the case, and considerable time has 
been spent with local inspectors where we have felt it would be bene- 
ficial. 

We have also been called in on several occasions where there was a 
difference of opinion between the owners and the local inspectors. 

Many requests also come to this office for assistance by orchardists 
who believe some serious trouble threatens their trees. In many cases 
we are able to ascertain the nature and prescribe the remedy by having 
specimens forwarded, while in others, personal visits are necessary. 


INSPECTION OF IMPORTED NURSERY STOCK. 


Although it might be expected, owing to the war in Europe, that 
the amount of imported stock would be considerably less than formerly, 
such has not been the case, the principal difference noticeable being 
that owing to delays in transportation, chiefly after it has left New 
York, much of it has reached the Michigan consignees in a damaged 
condition. The stock received has been free from dangerous insects 
and diseases, indicating that in the nursery districts of France as well 
as Holland, from which countries most of the stock has come, more than 
usual attention is being paid to the nurseries, and the inspection work 
is carefully done. 


SHIPMENTS FROM GYPSY MOTH AREA IN THE UNITED STATES. 


During the last two years reports have been received at this office 
of all shipments not only of nursery stock but of lumber, granite and 
other articles from sections in New England in which the gypsy and 
brown-tail moths are found. These go direct to planters in all parts of 
the State and it has not been possible to have many of them officially 


DEPARTMENT REPORTS. 211 


inspected, but in all cases we have notified the consignees of the danger 
of bringing in injurious insects and have asked them to carefully ex- 
amine the trees and plants. 

From the fact that all of these shipments have previously been inspect- 
ed in the nursery by state and Federal officials, we felt this would make 
the shipments comparatively safe. To inspect all of the shipments would 
double the present cost of nursery inspection. 

Early in June the Federal authorities requested the inspection of 
several shipments of cranberry vines from Massachusetts which were 
shipped before the quarantine was established, and which had not been 
inspected. Although the egg masses of the gypsy moth are frequently 
found upon cranberry vines in Massachusetts, we were unable to find 
any indication that the insect has been brought to Michigan. 


WHITE PINE BLISTER RUST. 


_ For several years considerable harm has been done to the white pine 
in New England, New York, New Jersey and Pennsylvania by the blist- 
er rust. It has also been found in Ohio and Indiana, and this spring 
white pines in several places in Wisconsin and Minnesota have been 
found to be infected. 

Owing to the fact that extensive plantings of white pine have been 
made in Roscommon and several neighboring counties by the Public 
Domain Commission, by Messrs. Ward and Mershon in Crawford county, 
and by the Cleveland Cliffs Company in Marquette county, as well as 
by hundreds of small planters over the State, it is important that steps 
be taken to prevent the introduction of the disease upon nursery stock. 
KKven before the quarantine against shipments of white pines from 
Europe was put into effect very few were imported, and comparatively 
few, if any, shipments from the infested areas of other states have come 
into Michigan, and most of these have been used for landscape purposes 
upon private grounds near Detroit and other large cities. 

It, is very difficult to detect this disease, as it may remain dormant 
in the tissues of the tree for several years-before it manifests itself 
externally. Like many of the other rusts, the white pine blister rust 
attacks the five-needle pines in one form, or stage, of its development 
and then passes to the currants and gooseberries, both wild and culti- 
vated, upon which it remains for the balance of the year, passing 
through its other two stages, after which it again attacks the pines. 

There is, therefore, not only danger that the disease may be brought in 
upon pine trees but it may be imported upon currants and gooseberry 
plants and from them spread to pines growing in the vicinity. The 
danger is somewhat lessened by the fact that the currant leaves only 
are attacked and for the most part these are stripped before the plants 
are dug. 

During the month of June, Professor Roy G. Pierce, Forest Patholog- 
ist of the Bureau of Plant Industry, U. 8. Department of Agriculture, 
came to Michigan and the principal forest plantations, as well as sey- 
eral of the private grounds upon which white pines have been planted, 
were inspected without finding any traces of the disease; and we have 
no reason to think it has secured a foothold in Michigan. 

From the nature of the disease the most careful inspection will be of 
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little value and it is important that unless a national quarantine against 
interstate shipments from infected regions is provided, our state law 
be so amended as to make it possible to put on a quarantine, or embargo, 
against the shipping of white pine trees into Michigan from states 
known to be infected. 


THE CONDITION OF MICHIGAN ORCHARDS. 


While it is true that in many sections in Southern Michigan the farm 
orchards have been partially or quite destroyed by the San Jose scale, 
it is really the best thing that could happen to them as most of them 
are old and have never received much attention. Such trees produce 
little or no fruit and what they furnish is of no practical value. When 
the law is enforced and the owners are compelled to spray the trees, 
even though they think they do it thoroughly, the work is generally so 
imperfectly performed that it has little effect in controlling the scale, 
and it merely results in prolonging the life of the trees and distributing 
the scale. 

The spraying of orchards for this and other scale insects has gradually 
increased until in many sections, and especially in the so-called “fruit 
regions,” it is the exception that an orchard is left unsprayed. Each 
year the importance of thoroughness and regularity in making the ap- 
plications is better understood and fewer mistakes are made in the ma- 
terials used. 

Another hopeful as well as helpful point in the control of this insect 
is that various native parasites are working upon it and in some sec- 
tions trees which formerly were badly infested are now practically free 
from the scale even though they have not been sprayed. 

Peach yellows, little peach and black knot have been less trouble- 
some than formerly, due very largely to the owners of infected orchards 
giving more attention to the prompt removal of infected trees. 

For a number of years the apple trees, as well as wild cherry and 
other trees in the northern part of the State have been covered with 
the “tents” of apple tree tent caterpillars, but, although they were still 
plentiful in some sections, over a large area where they did much harm 
in 1914, it was difficult to find them in 1915. This was due to para- 
sites which attacked them as larvae and to some extent in the egg and 
pupal stages. 


LIST OF NURSERYMEN AND DEALERS LICENSED TO SELL NURSERY STOCK IN 
MICHIGAN. ; 


The following nurserymen and dealers are allowed to do business in 
this State, having taken out a license as is required by the law. Only 
such nurserymen living in another state as have taken out a license 
are authorized to sell stock in Michigan through agents or canvassers, 
but they may without a license carry on what is known as a catalogue 
or mail order business. 


NURSERIES LICENSED IN MICHIGAN FOR 1915-16. 


Allen Bros., Paw Paw. Augustine & Co., Normal, Ill. 
Allis, E. W., Adrian. Babcock & Son, Charlevoix. 
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Bagley, W. D., Old Mission. 

Baldwin, O. A. D., Bridgman. 

Bashford, C. L., Mason. 

Bennken, J. H., Jerome. 

Bigelow, J. N., Bangor. 

Bliss, A. W., Harbor Springs. 

Boehringer. Bros., Bay City. 

Bohl, William, Buchanan. 

Bridgman Nursery Co., Geo. W., 
Benton Harbor. 

Brooks & Co., J. C., Detroit. 

Brown, Douglas M., Grand 
Rapids. 

Browne, Geo. E., Greenfield. 

Burgess Seed and Plant Co., 
Galesburg. 

Burrass, W. V., Lowell. 

Celery City Nursery Co., Kala- 
mazoo. 

Cole, Levant, Battle Creek. 

Collins, Ward E., Fennville. 

Coryell Nursery, The, Birming- 
ham. 

Cukerski, 
Rapids. 

Cutler & Downing Co., Benton 
Harbor. 

Daly, Thomas W., Watervliet. 

Dalzell, Bernard F., Muir. 

Dean, Geo. N., Shelbyville. 

Detroit Shade Tree Co., Detroit. 

Dressel, G. L., Frankfort. 

Dunham, Enos W., Baroda. 

Elliott, Hanson B., Trenary. 

Emlong & Son, Henry, Stevens- 
ville. 

Ferrand & Son, E., Detroit. 

Fetters, Theodore J., Harbor 
Springs. 

Flansburgh & Son, C. N., Jack- 
son. 

Fisher, Guyon, Fennville. 

Frey, Mrs. Anna, Sand Lake. 

Genesee County Nurseries, Flint. 

Gill, Mrs. B. M., Ypsilanti. 

Glenwood Nurseries, Holland. 

Gobleville Nurseries, Gobleville. 

Godfrey, John, Benton Harbor. 

Gohs, Frank, Mayville. 

Greening Nursery Co., Monroe. 

Gustin, C. F.. Adrian. 


Wencil .C.,. Grand 


Hamilton & Sons, A., Bangor. 

Havekost, G. H., Monroe. 

Hawley, Geo. A., Hart. 

Hawley, H. E., South Haven. 

Helmer Farm Nursery, Battle 
Creek. 

Hemingway, Geo. R., Oak Park, 
Tl. 

Hibbler, E. B., Detroit. 

Hurlbut & Cross, Bangor. 

Ilgenfritz Sons’ Co., I. E. Mon- 
roe. 

Insulinde Nurseries, Kalamazoo. 

Irvine, John, Bay City. 

Isbell & Co., S. M., Jackson. 

Jackson & Thurston, Kalamazoo. 

Jeffrey, Sr., James, Kalamazoo. 

Kalamazoo Nurseries, Kalamazoo. 

Kalle Bros., South Haven. 

Katzenberger, Val., Saginaw. 

Keith Brothers’ Nursery Co., 
Sawyer. 

Kellogg Co., R. M., Three Rivers. 

Knight & Son, David, Sawyer. 

Krieger, William, Lansing. 

Lanphear Brothers, Hartford. 

Lohrman Seed Co., Detroit. 

Lumley, L. B., Mayville. 

McCormick Nursery Co., Monroe. 

Marvin, O. F., Holton. 

Mayer, Jr., Michael, Merrill. 

Merrill, W. F., South Haven. 

Mershon, W. B., Saginaw. 

Michigan Nursery Co., Monroe. 

Miller, Abner, Bravo. 

Miller, J. W., Fremont. 

Munson, Wm. K., Grand Rapids. 

Mutual Nurseries, Monroe. 

Myers, P. J., Bridgman. 

Nelson, Chas. A., Northport. 

Nelson & Son, J. A., Paw Paw. 

Newell, Reuben, Highland Park. 

Oakland Gardens Nursery, Wall- 
ed Lake. 

Olds, W. W., Benton Harbor. 

Orchard Lake Nurseries, Orchard 
Lake. 

Pier, Frank D., Traverse City. 

Pilkinton & Son, Portland. 

Pitcher, W. D., Buchanan. 

Pontiac Nursery Co., Detroit. 
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Potter, E. W., Leslie. 
Prestage, J. G., Allegan. 
Prudential Nursery Co., Kalama- 
Z00. 
Putnam, J. L., Lansing. 
Rasmussen, R. J., Marlette. 
Reeser, Harry C., Niles. 
Rice, Greta B., Port Huron. 
Rokely, J. N., Bridgman. 
Rouse, Fred E., Woodville. 
Saier, Harry E., Lansing. 
Schenck, Geo. H., Elsie. 
Schild, H. J., Tonia. 
Seel, J. J., Frankfort. 
Shepard, Chas. E., Bangor. 
Smith, Henry, Grand Rapids. 


Spielman Brothers, Adrian. 

Stahelin & Son, F. C., Bridgman. 

St. Joseph Nursery, St. Joseph. 

Street, E. L., Wheeler. 

Sweet, L. H., McGregor. 

Tindall, W. F., Boyne City. 

Van Aken Brothers, Coldwater. 

Ward, Paul L., Hillsdale. 

Westmacott, Harry S., Montague. 

Weston & Co., A. R., Bridgman. 

Whitten, C. E., Bridgman. 

Wise, Ralph, Plainwell. 

Wolverine Cooperative Nursery 
Co., The, Paw Paw. 

Wolverine-Detroit Nurseries, The, 
Detroit. 


LICENSED DEALERS IN NURSERY STOCK FOR 1915-15. 


Alferink, Albert, Holland. 

Asman & Dunn, Detroit. 

Beattie, Thomas, Detroit. 

Bond, I. J. & O. G., Three Rivers. 

Boyd, J. B., Traverse City. 

Brown & Co., Clara, Jackson. 

Crowley-Milner Company, De- 
troit. 

Cross, Eli, Grand Rapids. 

Davison Nursery Co., Davison. 

Drake & Jackson, Detroit. 

Edwards & Chamberlain Hard- 
ware Co., Kalamazoo. 

Fair Oaks Nursery Co., Traverse 
City. 

Freyling & 
Rapids. 

Frissel, Martin, Muskegon. 

Gibson & Son, 8. B., Detroit. 

Grand Rapids Nursery Co., Grand 
Rapids. 

Greenville Floral Co., Greenville. 

Grohman, E. A., Saginaw. 

Hallman, W. S., Coloma. 

Harris Bros., Mt. Pleasant. 

Healy, William, Bloomingdale. 

Hotchkiss, C. J., Detroit. 

Hudson Co., The J. L., Detroit. 

Hughes, C. P., Hillsdale. 

Jones’ Sons & Co., J. R., Kalama- 
Z00. 

Kleinhans, David, St. Louis. 

Knapp Co., J. W., Lansing. 

Knapp, Wm. F., Monroe. 


Mendels, Grand 


~Knoch, Gustay, Detroit. 


Kresge Co., S. 8., Detroit. 

Northwestern Nurseries, Traverse 
City. 

Pearson & Co., D. S., Detroit. 

Plowman & Son, G. F., Iron 
Mountain. 

Quandt, Elmer, Dearborn. 

Radewald, Otto, Niles. 

Rayl Co., The T. B., Detroit. 

Reed, W. F., Flint. 

Rickel, Samuel N., Glennie. 

Shorewood Farms Co., Saugatuck. 

Slanker Nursery Co., Benton 
Harbor. 

Smith & Co., E. M., Detroit. 

Smith Mercantile Co., Ira M., 
Grand Rapids. 

Star Nursery, The, Big Rapids. 

Stover, F. J., Traverse City. 

Strittmatter, A., Detroit. 

Trankla & Co., Charles, Grand 
Rapids. 

Valley City Nurseries, Grand 
Rapids. 

Van Bochove & Brother, G., Kal- 
amazoo. 

Walther Department Store, Bay 
City. 

Wells, R. H., Detroit. 

Westgate Nursery, The H. L., 
Monroe. 

Winkworth, R. M., Detroit. 

Wood, Alice, Grand Ledge. 
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LICENSED FOREIGN NURSERIES FOR 1915-16. 


Allen Nursery Co., Rochester, N. 
iY: 

Bogue, Nelson, Batavia, N. Y. 

‘Brow Nursery Co., F. W., Rose 
Eat aN LY. 

Brown Brothers’ Co., Rochester, 
fe 

Bryant Brothers, Danville, N. Y. 

Bryant & Son, A., Princeton, Il. 

Burr & Co., C. R., Manchester, 
Conn. 

Cartwright, I. D., Toledo, O. 

Central New York Nursery Co., 
Rochester, N. Y. 

Charlton Nursery Co., Rochester, 
Na ¥; 

Chase, Charles H., Rochester, N. 
sf 


Chase Brothers, Rochester, N. Y. 

Chase Nurseries, Geneva, N. Y. 

Clyde Nursery, The, Clyde, O. 

Davis Nursery Co., Franklin, Bal- 
timore, Md. 

Dreer, Inc., Henry A., Philadel- 
phia, Pa. 

Fairview 
di ae 

First National Nurseries, The, 
Rochester, N. Y. 

Fruit Growers’ Nurseries, New- 
ark. N.Y. 

Hall Co., Inc., L. W., Rochester, 
1 Ee 

Harman Co., The M. H., Geneva, 
Wis -Y- 


Nurseries, Rochester, 


Harrison & Sons, J. G., Berlin, 
Md. 

Harvard Evergreen 
Harvard, Ill. 


Nurseries, 


Hawks Nursery Co., The, Roches- 
ter, aN; Ye 

Hooker Brothers, Rochester, N. 
XG 

Jewell Nursery Co., The, Lake 
City, Minn. 

Knight & Bostwick, Newark, N. 
Y 


La Pointe Nursery Co., Newark, 
NOY: 

Moon Co., The W. H., Morris- 
ville; Pa. 

Moore & Co., Wm. C., Newark, N. 
Na 

Morey Nurseries, The J. B., Dan- 
ville, N. Y. 

McKey Nursery Co., Pardeeville, 
Wis. 

Nelson & Sons’ Co., Swain, Chi- 
cago, Il. 

Pennsylvania Nursery Co., Gi- 
rard, Pa. 

Perry Nursery Co., Rochester, N. 
¥ 


Rice Brothers’ Co., Geneva, N. Y. 
Stark Bros. Nurseries and Or- 
chards Co., Louisiana, Mo. 
Stoner, J. E., Westminster, Md. 
Stuart & Co., C. W., Newark, N. 


Y.. 

Taylor & Co., H. S., Rochester, N. 
cabs 

Walton, Cary C., Greenfield, Ind. 

Weeks’ Nursery Co., Inc., C. H., 
Lyons, N.Y. 

Wheelock & Congdon, North Col- 
has NS Y.. 

Woolworth & Co., F. W., Buffalo, 
de 


Respectfully submitted, 


L. R. TAFT, 


: State Inspector of Nurseries and Orchards. 


East Lansing, Mich., June 30, 1916. 
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REPORT OF THE STATE INSPECTOR OF APIARIES. 


To the Honorable State Board of Agriculture: 


Gentlemen—In compliance with Section 11, Act 200, 19138, I submit 
the third annual report as State Inspector of Apiaries for the year end- 
ing June 30, 1916. 

The early frost in August, 1915, stopped the secretion of nectar very 
suddenly and from that time till the close of the season bees gathered 
little nectar. This condition encouraged robbing and caused a great 
increase in disease this year. From inspection trips and also from re- 
ports which have come to this office we have located foulbrood, both 
American and European, in many apiaries where it was previously un- 
known. 

There has been a large number of calls for inspection which we have 
been unable to respond to, owing to the limited season and the territory 
to be covered. 

Demonstrations were held in the following places: 


Apiary of— Place. County. 

MrrA ORCarley ote ine . ocak tagteeeioce ones Rina ote eee IVENIt sc) «sean Jackson. 
Vins Ward URIVGry. tee fos. erie bata tein canic, oyae eta ecatorsietnre erorecs eet teense Manchester......... Washtenaw. 
Mic. Rloyd) Markham 50s ae vides cain state c etere tie elle molcee Vipsilantivee:. cece Washtenaw. 
IMGT. TE. IW we RAVER. arse! cee ote ol ae he sistem e Cee Battle Creek... .....3 Calhoun. 
Mr) Com Glovers. tic sissets tren Wien ene tote Coie rt alamiaZOOle es caeiciete Kalamazoo. 
Mire WiwWildestene.thce Fis ieee oe a ceuie enh Wayland cc. ce ....| Allegan. 
WTA WAC Alo Opo as One shod ssadoe cc AOGRODUOUOO UaaC eel t Haeetejeee Ottawa 
IME: FLD OLrIs eA is pete racic sod Seve clon eretea eae nee Mason's: coc aero ne micke Ingham. 
ae pele LOY fic tite ste wiats Be phate neo eee eave be aera ee ete Gand wae oa aaS 6 Kent. 

RECA MG UI) ars Soo aos on oocdangu ne Sonadecudgoc 23 ce eG Wellives. (feet eer Kent. 
BE David Rup sys oe ee eee Ee ee Pilions .<.0: sks see ee Huron. 


The following Michigan queen-breeders apiaries have been inspected 
and certified free from “disease: 


Mr. Jay Cowing, Jenison. 

M. J. H. Haughey, Berrien Springs. 
Mr. M. H. Hunt, Redford. 

Mr. E. E. Mott, Glenwood. 


Inspection report is as follows: 


Number; of .apiaries visited. <5: 235 2c cee eee ee eee 113) 
Number of apiaries not free from disease ................. 5A 
Mumber-of colonies:treated*.2.:..2.: 5. ep eer eee 156 
Number of colonies destroyed. .... .2sG.-0c- pee eee ee ee 14 
Number of colonies in apiaries visited ........... Mor eR 3,831 


Number .of+colonies: examined 23... s57. as Sees oe nein ee ies 1,430 
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Expenses were as follows: 


Office expenses, including furniture and stationery ...... $29 62 
Praveline- arid. hotel. expenses’... 2/463 e2%6 skis ds oe a eres 3 550 40 
RAMs Vas aR cea cdl «x RE ahead Sie ge nee wets nema agate 1,000 00 


Respectfully submitted, 
F. ERIC MILLEN, 
State Inspector of Apiaries. 
East Lansing, Mich., June 30, 1916. 


REPORT OF ANALYSES OF INSECTICIDES AND FUNGICIDES 
FOR 1916. 


ANDREW J. PATTEN AND E.. A. DE WINDT. 


To the State Board of Agriculture: 


Gentlemen—The purpose of the insecticide law (Act 254, Public Acts 
1913) is to prevent the sale of misbranded or adulterated materials 
intended for use in “preventing, destroying, repelling or mitigating” 
insects or fungi that may infest vegetation or “be present in any environ- 
ment whatsoever.” This applies not only to materials used in spraying 
fruit trees, vegetables, etc., but to all materials or mixtures intended 
for combating insect pests of all kinds wherever found. 

All lice powders, cattle dips, roach exterminators, smut destroyers, 
etc., come under the requirements of the law. ; 

The law provides that all such compounds or mixtures must bear the 
name and address of the manufacturer and also the “correct names and 
percentage amounts of each and every ingredient of the insecticide or 
fungicide having insecticidal or fungicidal properties and the total per- 
centage of inert ingredients.” The law further provides that an arti- 
cle shall be deemed to be misbranded if the package or label under which 
it is sold “shall bear any statement, design or device regarding such 
article or the ingredients or substances contained therein that shall be 
misleading in any particular.” 

The full text of the law has been printed and may be obtained by ad- 
dressing Secretary A. M. Brown, East Lansing, Michigan. 


COLLECTION OF SAMPLES. 


One hundred and eight samples, comprising a wide range of materials 
were collected on the open market by a regular inspector sent out for 
the purpose. 

These have been analyzed and the results will be found in the follow- 
ing pages. 


LIME-SULFUR SOLUTIONS. 


Eight samples of lime-sulfur solution were collected. Three of the 
samples were found to be slightly below guarantee for total sulfur but 
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the deficiences were small and might be accounted for by experimental 
error. 


Baume. Total sulfur. 

: Manufact Poly 

a anufacturer. | . " oly- 

3 | Found. uae Found. cy ge sulfide. 

% v/ 

212 | Carpenter-Udell Chemical Co., Grand Rapids, Mich....... On ee eae S| 98 27.35 
231 | Carpenter-Udell Chemical Co., Grand Rapids, Mich....... Oilell ccrteecmiciee 24.58 23 26.33 
237 | Carpenter-Udell Chemical Co., Grand Rapids, Mich.......| OL nce 24.76 23 25.18 
272 | South Haven Chemical Co., South Haven, Mich.......... 30 32-33 23.82 24 27.70 
283 | South Haven Chemical Co., South Haven, Mich.......... 3 32-33 23.47 25 27.05 
296 | Jas. A. Blanchard, New York...........00.2.-e0+sseese- DUB cr weet 24237) |v cattomrere 26.67 
220 | Dow Chemical Co., Midland,-Mich...................0+- 32 33 24.75 25 25.83 
243 | Dow Chemical Co., Midland, Mich.....................- 32 33 26.42 25 28.73 


SOLUBLE SULFUR COMPOUND. 


Three samples of soluble sulfur compound were analyzed. Attention 
is called to the fact that the active ingredient in this compound is sodium 
polysulfide and that the amounts found were below guarantee in every 
case. This material deteriorates rapidly on exposure to the air and the 
containers should be tightly closed at all times. 


Sodium Polysulfide. 
8 Manufacturer. viel . 
F| , uaran- 
E Found. tpeal) 
a | 
v/ vi % 
240) | Niagaraipprayersco. Middleport, Ni. \o4 ne bas.-onercnsiciciae sitet Ge cee meas 57.69 47.99 56.0 
9A(, | Niagara oprayer Co: oMiddleport, Nia va. ssireaes tere. ae cerita aca neem 58.89 47.58 56.0 
262)\, Niagara Sprayer Co,, Middleport,,. Nota a eis canicaee seen nent cae cee een 57.12 48.80 56.0 


ARSENATE OF LEAD. 


The insecticide law fixes the standard for arsenate of lead, making it 
compulsory for all lots offered for sale to contain not less than 12.50% 
arsenate oxide and not more than 0.75% arsenate oxide in forms soluble 
in water nor more than 50% water. 

Twenty samples of arsenate of lead were collected, twelve of which 
were in the form of dry powder and eight in the form of paste. Four 
samples of dry arsenate of lead contained slightly more than the legal 
limit for water soluble arsenic oxide but the excess was less than 0.10% 
in every case which may be disregarded. In every case the net weight 
of the packages was found to be in excess of that claimed. In one case, 
No. 270, the amount of water found was 0.91% more than the legal 
standard. 
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Arsenic Oxide (As2 Os). 
Manufacturer. | Water. Total. | Soluble. cee 
E | 
q | 7 Guaran- Guaran- 
E Found. on: Found. ele. 
DRY POWDER. % Toe oe acon oN -OL% 
242 | Corona Chemical Co., Milwaukee, Wis........|.......-.- 31.20 30.00 0.44 0.707* 62.95 
264 | Corona Chemical Co., Milwaukee, Wis........ isha a. 31.15 30.00 | 0.88 0.707* 64.55 
277 | Corona Chemical Co., Milwaukee, Wis........|.........- 30.10 30.00 0.69 0.707* 62.88 
217 | Detroit White Lead Works, Detroit, Wine ae ole Gaapecne 25.53 30.00 0.61 1.00 64.37 
251 | Devoe & Raynolds Co., Newabinle c.4. Seale (toc. occ SOCOM Ee cnet: O48: eee eas 64.65 
311 | Merrimac Chemical Co., Boston, Mass........|........-- 29):80) ba eees|| OF S31 See 62.75 
227 | Niagara Sprayer Co., Middleport, IND SYA tees atereil tiorsrerevaitooie 29.75 25.00 0.66 1.50 64.38 
246 | Niagara Sprayer Co,. Middleport, INE ay, ls oe 31.80 25.00 0.66 1.50 64.02 
260 | Sherwin-Williams, New York 31.60 39.00 | 0.76 1.00 62.95 
265 Sherwin-Williams, New York 31.90 30.00 0.62 1.00 63.55 
271 | Toledo Rex Spray Co., Toledo, Ohio..........|........-- 30.40 30.00 | 0.76 1.00 | 64.00 
307 | Dr. Williams Fly & Insect Destroyer Co. | 
IMadridiy Wop Yoe se eccrine Sano metic cits | aelos es 30.40 30.00 | (UJ ol esac aee ears 63.70 
| 
PASTE | 
234 | Ansbacher Insecticide Co., New York......... 46.49 17.03 15.00 | 0.32 0.50 34.94 
250 | Jas. A. Blanchard, New York................ 49.12 15.94 12.50 0.35 0.75 33.44 
219 | Dow Chemical Co., Midland, Mich........... 48.47 16.18 15.00 0.46 0.75 34.05 
229 | Grasselli Chemical Co., Cleveland, Ohio....... 47.70 15.92 13.50 | 0.26 0.50 33.65 
252 | Grasselli Chemical Co., Cleveland, Ohio....... 48 64 16.92 15.00 | ‘ 0.33 0.50 33.96 
233 | Merrimac Chemical Co., Boston, Mass ec > 3 49.77 15.48 12.50 0.17 0.75 31.96 
304 | Niagara Sprayer Co., Middleport, NE Vn Se. 50.09 15.08 | 15.00 0.52 0.75 32.34 
270 | Toledo Rex Spray Co., Toledo,;‘Olito. 5.55522: 50.91 15.21 15.00 | 0.37 0.75 31.56 


*Figured from 0.5% metallic As. 


PARIS GREEN. 


Twenty-one samples of Paris green were collected. The results are 
given in the following table and it will be seen that the samples from 
different manufacturers differ only slightly. The weight of all samples 
in original packages was in excess of that guaranteed. In every re- 
spect the samples comply with the legal standard. 

One sample of Paris green paste and four samples of Paris green and 
gypsum mixture were collected and analyzed. 
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Arsenious Oxide (As20s). 
Total. Soluble. Copper 
Manufacturer. Oxide 
F (CuO). 
=| Guaran- Guaran- 
g | Found. peak Found. 
Zz a less than. 
% % % % % 
232 | A.B. Ansbacher & Co., New York.........2..e0ccceess- 56.27 55.00 2.07 3.5 29.4 
279 | A.B. Ansbacher & Co., New York... ..........+s0+-ec0- 56.40 55.00 1.28 3.5 30.3 
221 \| 1. J..Barry, New. YOrk:, .2skcc.ce. ohne ne, See e 55.08 50.00 1.48 8.5 | 30.6 
208 | Jas. A. Blanchard Co., New York. .........-0cccccceeves 56.27 50.00 2.17 3.5 31.4 
259 | Jas. A. Blanchard Co., New York=.....<2..ee«cseneseen- 56.65 50.00 1.68 3.5 29.2 
181 | Jas. A: Blanchard Co., New York.........:..-..20+e0+0 56.77 50.00 1.86 3.5 30.8 
211 | Carpenter-Udell Chemical Co., Grand Rapids, Mich....... 56.65 50.00 1.58 3.5 29.3 
248 | Carpenter-Udell Chemical Co., Grand Rapids, Mich....... 56.40 50.00 2.07 3.5 30.8 
224 | Corona Chemical Co., Milwaukee, Wis................... 55.15 50.00 2.37 3.5 30.3 
241 | Corona Chemical Co., Milwaukee, Wis................... 56.52 50.00 2.27 3.5 31.5 
215 | Devoe & Raynolds Co., New York and Chicago........... 57.62 50.00) 1.58 3.5 31.3 
249 | Devoe & Raynolds Co., New York and Chicago........... 5 56.52 50.00 1.78 3.5 | 29.2 
244 | Morris Herrmann & Co., Chicago...............e.e0000- 57.15 50.00 1.25 3.5 29.7 
255 | Morris Herrmann & Co., Chicago...............eceeeeee 56.27 50.00 1.19 3.5 | 29.8 
267 | Morris Herrmann & Co., Chicago................-..000- 56.27 50.00 1.87 3.5) | 29.2 
256 | Fred L. Lavanburg, New York.......................... 56.90 50.00 1.86 3.5 | 30.1 
2598| ered, bavanburg: NEW OPK. -5)eeoce <a seh aren ace 55.77 50.00 1.28 Bear 29.5 
229))| eredis-,Lavanbure. Newey OFke on. eneiten Bein cn cee eats 56.15 50.00 1.78 3.5 30.8 
225 | Sherwin-Williams Co., Chicago...............cc.eeeeeees 56.77 50.00 1.68 3.5 29.2 
230 | Sherwin-Williams Co., Chicago..............eseeceeceece GSR INE aprspe mca Qi oes 30.7 
266 | Sherwin-Williams Co., Chicago................00.0ceeeee 56.52 50.00 Pail 3.5 29.4 
No. PARIS GREEN PASTE. % % % % % Water, %. 
301 | International Color & Chemical Co., Inc., 
Detroit; Mich'saq.sectaniotn onesie cemmice 42.96 24 .99* 1.10 1.74f 23.4 22.16 


*Computed from 18.93% metallic arsenic. 
tComputed from 1.32% metallic arsenic. 


PLASTER—PARIS GREEN MIXTURES. 


Arsenious Oxide. 


Manufacturer. 
Total. 
% 
Curtis Bros:, Reed! City; Mich: 3)...< <1 sss. cioce binder os ox aca Se err een eee Ree 3.21 
HJ: Crocker; Reed City, Mich: 3250 Jose voeaenen cs ne eee 3.21 
Earl Slawson, ‘Greenville, ‘Mich. :%2.ct. soacte coke oleae eon e tees nee 3.33 


BORDHAUX MIXTURE. 


Guaranteed. 


No guarantee. 
No guarantee, 
No guarantee. 

0.485 


Three samples of dry Bordeaux mixture and two samples of the paste 
form were obtained. These were found to vary considerably both as to 
the amount of copper contained and as to the directions for use. When 
these mixtures are used according to directions it is found that the 
amount of copper, calculated as copper sulfate, would vary from 1.11b 
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to 2.516 for 50 gallons of solution. This variation may account for the 
difference in the results obtained from their use. 


Copper (Cu). 

B Manufacturer. Water. 

E | Found, | Guaran- 

iS teed. 

Dry Powder. Tee y'\Pemtion eel) e7e 
253 | Ansbacher Insecticide Co., Inc., New York, ‘ ‘Quick Dest Aelace con esas nee wal Se meneee 14.65 | 12.0 
254 | Sherwin-Williams Co., Chicago, ‘ ‘Fungi-Bordo” SPs oral os wf evarata Go 5 ate ale Savor de Perey NSN a ese eTacererate 12.74 | 11.0 
261 } Sherwin-Williams Co., Chicago, “Fungi-Bordo”..........000.ccceccccccccccsvccr|occcscccee | 13.00 11.0 
| = | 
Paste. 

Pavey vas. A. Blanchard; New York; "lion Brand.” 4. 2)<i.5c1es65.. 20sec s om selon vaccine | 76.84 | 4.79 | 4.0 
213 | Carpenter Udell Chemical Co., Grand Rapids, Mich., “Imperial Brand’”........... 63.72 GAGBi eens toe 


BORDEAUX-ARSENATE MIXTURES. 


Six samples of Bordeaux-arsenate mixture were obtained. In two of 
the samples, 218 and 214, the amounts of arsenic found are slightly be- 
low the amounts claimed but in all other respects the guarantees are 
satisfied. 

In all of the samples the amount of arsenic is considerably in excess 
of the copper as compared with the amount usually recommended for 
adding to home-made Bordeaux. 

When these materials are used according to the printed directions 
50 gallons of the prepared spray would contain less than one pound of 
copper, expressed as copper sulfate, and from 114 to 2 pounds of lead 
arsenate. Home-made Bordeaux as usually prepared contains from 2 to 
4 pounds of copper sulfate in 50 gallons and when arsenate of lead is 
used it is added at the rate of 2 to 5 pounds to 50 gallons of solution. 


Set 5 SF eis ae 
Arsenic Oxide. 
Metallic | 
| Copper. | 
Total. Soluble. | 
| Manufacturer. a 
4 z Es tte 
3 | Sixliad Soars ea loveeth poloue ana 
a Pa oa Mi ea a ee a ee et 
z | = & o & | & = oo / | 3 
% vere % q % % y, % 
269 Ansbacher Chemical Co., New York, eG : 3 Z : A : 
|  “Adheso”—"‘Green label” Faccars baa sieeaetaars yA ah a Ne Pa al ee aera 5.93 4-4.5 | 26.32 
236 | Ansbacher Chemical Co., New York, | 
“ Adheso”—“Green label” SEE as Ac 49 87 10.48 | 8.39-9.25 0.40 0.50 | 4.22 3.75-4.25) 25.92 
214 | “ayes Chemical Co., New York, 
dheso”—‘‘Green la’ bel” Be eh Stee ees ote 59.10 | 7.87 | 8.39-9.75 | 0.26 0.77* 4.46 44.5 | 19.79 
218 ras Chemical Co., New York, 
| “Adheso”—“Oran; e label” Pirie hgh ita: Be 58.03 8.71 | 8.8-9.3 | 0:33 0.77*| 3.12 | 2.8-2.9) 20.71 
275 | Bowker Insecticide Co., Boston, 
) eee ett RS SSR AER SEAR e 69.17 6.64 5.25 | 0.19 0.75 | 3.22 1.5 | 13.60 
| | | 


*Computed from 0.5% metallic arsenic. 
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TOBACCO PRODUCTS. 


Seven samples of tobacco products were collected. In four of the 
sainples the amounts of nicotine found were slightly below the guaran- 
tees but the deficiences are so small as to be negligible. 


| 
Nicotine. 
B Manufacturer. 
2 | 
I | Found. | Guaranteed. 
Z 
| | 
222 | Sterling Chemical Co., Cambridge, Mass., ‘‘Sterlingworth Powdered Tobacco”. . a 0.693 0.35 
235 | F. A. Thompson & Co., Detroit, Mich., “Rose Nicotine’...................- ; 11.78 10.00 
273 | F. A. Thompson & Co., Detroit, Mich., “Rose Nicotine’................. 9.93 | 10.00 
280 | F. A. Thompson & Co., Detroit, Mich., ‘‘Rose Nicotine’................. 10.29 | 10.00 
210 | Kentucky Tobacco Product Co., Louisville, Ky., “Blackleaf 40”.......... 39.76 | 40.00 
245 Kentucky Tobacco Product Co., Louisville, Ky., ““Blackleaf 40”.......... “| 39.96 | 40.00 
268 | Kentucky Tobacco Product Co., Louisville, Ky., “Blackleaf 40”.............. ; 39.90 | 40.00 


SMUT REMEDIES. 
(Formaldehyde Solutions. ) 


Four samples of smut remedies representing three manufacturers were 
collected. The active ingredient of all was found to be formaldehyde, 
the amounts found varying from 17.78% to 30.00%. In every case other 
substances had been added, such as coloring matter, tar oil, ete., pre- 
sumably to, partially at least, disguise the formaldehyde. In no ease 
do the added ingredients enhance the fungicidal properties of the for- 
maldehyde. Although there is a variation of nearly 100 per cent in the 
amount of formaldehyde contained in these preparations, the directions 
for their use are the same in every case. 

Formaldehyde, 40% strength, can be bought for $1.50 per gallon. 


: Brand. Manufacturer. Formaldehyde. 
v4 

% 
DBR GAT ASIN bates seen eee Aeeeer ee | Anti-Smut Chemical Co., North Adams, Mich........ | 21.37 
Soon eBud'siomuticide: me cen ees telecon Albion Chemical Works, Albion, Mich............... 30.00 
223 | Dr. Lapes’ Smut Destroyer (two samples). .| Dr. Lape Veterinary Co., Adrian, Mich.............. { re! 


LICE POWDERS. 


Eight samples of lice powders were collected and examined. Seven 
were found to contain nicotine and naphthaline (the last named being 
the active constituent of moth balls) and six contained sulfur. Pyre- 
thrum was present in three of the samples. 

All of these preparations would probably prove effective against lice 
when used in a closed chamber but their efficiency would be greatly re- 
duced when used in the open or in a large room. 
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Nicotine. Sulfur. | 
j Manufacturer. 3 3 g g 

5 | 4 =I - .] “3 = 

2 ipa an A (cae a a FE: 

EI a 

Zz ale eters Z & 
276 | Salvet Lice Powder, Feil Mfg. Co., Cleveland, O............ OLO9 Wo ae ee: AIGA Sines Present Sein cnoeete 
308 | Fleck’s Lice Powder, J. J. Fleck, Tiffin, O.................. 0.14 O201S iE iseaeeleoniror: Present. Present 
288 | Dr. Hess Instant Louse Killer, Dr. Hess & Clark, Ashland, O....| 0.07 OEIQ strc aee Rive eeces Presents lies seems 
309 | Chicure Lice Powder, King Remedy Co., Rochester, N. Y....} 0.19 10.0 | 24.70 | 20.0 | Present...) Present. 
293 | Pratts’ Lice Killer, Pratt Food Co., Chicago, Ill............ 0.46 OLS4r T4281 learn. Present...) Present. 
238 | Seneca Lice Powder, The Seneca Co., thins Oils 2a & Se Soetoro eos OES |e ae presenta nes Neo re 
286 | Zenoleum Powder, Zenner Disinfectant Co., Detroit, Mich...| 0.39 OP2ay | AZO 1LOL0R|bresenter \in-eiee te 
294 | Rust’s Powder, Wm. Rust & Son Co., New “Brunswick, N. J..| 0.90 OFAO re ae 2357250 | ea teem latest: 


PYRETHRUM POWDERS. 


Of the four samples examined pyrethrum was found to be the active 
ingredient. This is a well known and effective insect powder but it 
loses its strength rapidly on exposure to the air, consequently it should 
always be kept in air-tight receptacles. 


No. Name of sample and manufacturer. 

278 | Black Flag Insect Powder, Langdon & Co., Baltimore, Md............ Contains pyrethrum as active ingredient. 
298 | “El Vampiro” Allair Woodward & Cc., Poa lil ee ee. Contains pyrethrum as active ingredient. 
291 | Shure Shot Roach Powder, American Druggist Syndicate, New York...| Contains pyrethrum as active ingredient. 
300 | Elkay’s Ant, Bug and Roach Powder, United Drug Co., Boston.. | Contains pyrethrum as active ingredient. 


MISCELLANEOUS MATERIALS. 


299. Peterman’s Ant Food. Manufactured by Wm. Peterman, New 
York City. Guaranteed to contain 65-75% sodium fluorid. Found, 
sodium fluorid 68.87%, sugar, and other substances to act as bait. 

295. Powdered Hellebore. Manufactured by Jas. A. Blanchard, New 
York City. Moisture 10.49%. Ash 10.86%. All tests show the sample 
to be pure hellebore. 

306. Arsite. Manufactured by Morris Herrmann & Co., New York 
City. Guaranteed to contain total arsenic (expressed as metallic 
arsenic) 28.8%. Soluble arsenic 28.8%. Found total arsenic (express- 
ed as metallic arsenic) 30.15%. Completely soluble. Sample is a solu- 
tion of ordinary white arsenic. 

305. Calite. Manufactured by Morris Herrmann & Co., New York 
City. Guaranteed to contain water 66%. Total arsenic (expressed as 
metallic arsenic) 11.4%. Arsenic in water soluble forms 14 to 1%. 
Found, water 66.27%. Total arsenic (expressed as metallic arsenic) 
12.70%. Soluble arsenic (expressed as metallic arsenic) 0.30%. Sample 
is calcium arsenate paste. 

292. London Purple. Manufactured by Hemmingway’s London Pur- 
ple Co., New York City. Guaranteed to contain total arsenic (expressed 
as metallic arsenic) 21%, water soluble arsenic 3%. Found, total arse- 
nie (expressed as metallic arsenic) 15.55%, arsenic in water soluble 


form 3.17%. Sample is composed of calcium oe 30. 4870 and eal- 
cium arsenate 7.67%. 
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310. “All-in One” Spray. Manufactured by Buffalo Specialty Co., 
Buffalo, N. Y. Guaranteed to contain total arsenic (expressed as me- 
tallic arsenic) 4%, arsenic in water soluble form 0.50%. Found, total 
arsenic (expressed as metallic arsenic) 5.60%. Soluble arsenic 0.54%. 
Sample is apparently lead arsenate with materials added to act as bait 
for insects. 

303. Slug Shot. Manufactured by Hammond Slug Shot Works, Bea- 
con, N. Y. Guaranteed to contain sulfur 6%, arsenic (expressed as me- 
tallic arsenic) 0.785%, copper sulfate 1%, nicotine a trace, crude car- 
bolic acid 0.40%. Sample contains total arsenic (expressed as metallic 
arsenic) 1.30%, sulfur 7.26%. Qualitative tests showed copper and car- 
bolic acid to be present. 

») 

ae a oe \ Manufactured by Danforth Chemical Co., Leo- 
minster, Mass. Guaranteed to contain zine oxid 47%, lead oxid 5%. 
Results found, sample 209, lead oxid 5.24%, zine oxid 49.59%. Sample 
263, lead oxid 5.39%, zine oxid 49.22%. 

257. Bug-i-cide. Sold by Harris Bros., Muskegon, Mich. 

289. Bug-i-cide. Sold by Battlement Drug Co., Benton Harbor, 
Mich. No guarantee on either sample. Examination showed them to be 
composed of benzine, kerosene, and other light oils. Sample 257 con- 
tains red coloring matter. 

302. Sulfo-Tobacco Soap. Manufactured by Larkin Co., Buffalo, N. 
Y. Guaranteed to contain 88.5% soap, 0.50% nicotine and 1% sodium 
sulfid. Nicotine only was determined, the result being 0.24%. 

285. Rawleigh’s Stock Dip and Disinfectant. Manufactured by The 
W. T. Rawleigh Co., Freeport, Ill. Guaranteed to contain 


Goal: Tar Hydrocarbous?{2.2i.4240 cee eee 52.4% 
Coal ‘Tar ‘Phengle-o.< i. 25... oss Sek eee cee 15.4% 


This is an ordinary coal tar dip made according to the usual formula us- 
ing rosin, caustic soda, coal tar oil and phenols. The composition as 
found is as follows: 


Pyridine ‘bases... ¢2s o.20.a pa es os hs Meee eee 1.04% 
Hydrocarbons -:3\s2.3/- 2.2 ee ee ee te ae eee 71.93% 
Rosin acids. —. > 3. lant cue eee ot ne eto cee epee 4.35% 
Phenolp “62.52 so siaisw tees sce tem a tu sper aes 9.42% 


Materials of this kind have been successfully used for a long time as cat- 
tle dips and disinfectants and are well and favorably known. 

During the past season, however, this particular material was adver- 
tised and sold as a remedy for San José scale. 

287. Zenoleum Disinfectant. Manufactured by Zenner Disinfectant 
Co., Detroit, Mich. This is very similar to No. 285, the analysis being as 
follows: ~ 


Pyridine -bases: . 2. .)... «sc camieeoese eee eee nee 2.55% 
HyG@rocarbons |i fps. es YAR eee 76.80% 
ROBIN ACIDS 55.5 26'S os eee eee 2.43% 
Phenols: Fe. 50:04 sis Se hse vO ee ee eee 8.83% 


239. Carboline Lice Killer. Manufacturers name not given. Sold by 
H. W. Ogden, Shelby, Mich. This is apparently an ordinary coal tar 
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oil from which most of the lighter oils have been extracted leaving a 
large amount of heavy tar oil. Contains some creosote oil. 
East Lansing, Mich., June 30, 1916. 


MICHIGAN WEATHER SERVICE OPERATIONS FOR YEAR 
ENDING JUNE 30TH, 1916. 


The general policy of the service has continued without any material 
change during the past year. The number of cooperative observation sta- 
tions at the close of the year was 129. Besides this there are 12 regular 
Weather Bureau stations, making a total of 141 places where meteoro- 
logical records are maintained. 

The work of the cooperative observers is as a whole very commendable. 
The service has a number of men who have taken observations for over 
25 years; more that have reported for 20 years or more, and a large num- 
ber that have been cooperating for 10 years or more. 

All equipment is of standard type and each station is fully equipped 
with a regulation outfit. 

I can repeat with more emphasis, my remarks of one year ago in stat- 
ing that the records are more useful and the demand for them becom- 
ing greater as time passes. 

The agricultural interests are beginning to learn that in a great meas- 
ure they must adapt their crops not only to the soil—but to the climate, 
instead of trying to adapt the climate to the crops. This is paricularly 
true in the northern portions of the Lower Peninsula. Many farmers 
are trying to raise crops up there that the Weather Bureau records 
surely indicate cannot as a rule be brought to maturity. 

Our records of the average last killing frost in spring and the first 
killing frost in autumn, mark the boundaries of the growing season, and 
are being studied more and more. 

With the extension of the rural telephone, the farmer is also learning 
to use more than ever before, the forecasts of the Weather Bureau. When 
it is remembered that 85 per cent or more of these forecasts are cor- 
rect, it must be admitted that in the long run they are of immense prac- 
tical value during the planting and harvesting seasons, and of great in- 
terest during the growing period. 

The time is surely coming when man will study all factors with care 
before endeavoring to employ nature to give him a livelihood. Large 
tracts of land in the northern part of the State will yield much hay, 
much fodder corn and much oats, which in turn can be used to advan- 
tage in the stock and dairying business. It has always amazed me that 
Michigan will import butter and cheese from Denmark, when our own 
State offers such great possibilities for making butter and cheese. 

Active cooperation has been rendered to the Grand Rapids & Indiana 
Railroad Company in connection with their demonstration farms at 
Howard City, and some other northerly points. This railroad corpo- 
ration is endeavoring to show what and how profitable crops can be 
grown, not only in the northerly parts of the State, but in the light sandy 
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soil of which there is so much. They have selected typical land, cleared 
it, plowed it and planted it, keeping careful record of the cost and all of 
their results, in an endeayor to show the world that there are thousands 
of acres of land in northern Michigan which can be made valuable agri- 
culturally. 

The water power interests of Michigan continue to develop and many 
possibilities and probabilities are as yet untouched. The short, quick 
and even flowing streams of northern Michigan running both east and 
west into Lake Michigan and Lake Huron, have great hydro-electric pos- 
sibilities. Many of the principal rivers are already highly developed and 
in the deyelopment work the Weather Bureau records are of the great- 
est value. 

Numberless railroad freight claims are adjusted by the help of the 
Weather Bureau records. Rainfall, temperature and wind direction rec- 
ords are in constant demand in various civil court proceedings ranging 
from leaky roofs to murder. Our printed reports are asked for by many 
outside interests who are contemplating some business connections in 
Michigan. 

The weekly weather and crop statements issued from this office are 
widely sought for and afford to the farmer a reliable source of informa- 
tion regarding crop conditions in all sections of the State. I think this 
information is of more value to the farmer than the average man of the 
country realizes. He is raising crops to sell and general information 
about crops similar to his own, not only in other parts of the State, but 
in other parts of the country, should help him as to the time of market- 
ing his own. 

Cc. F. SCHNEIDER, 
Meteorologist. 
Dated at Grand Rapids, Mich., June 30, 1916. 
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Monthly Meteorological Summary, Lansing, Michigan, July, 1915. 


Temperature. This month since 1864. 
| sitet, Percent- 
ate Lee: Character of | age, of 
inches. day. ine Mean Total 
Highest. | Lowest. Mean. LAS Year. tempera- | precipita- 
ture. tion. 
| | 

1 eee pe 84 bY 70 0.74 | Partly cloudy... 67 1864 74.5 1.25 
ete s aise 80 60 70 0.01 | Partly cloudy... 49 1865 65.6 3.91 
Oe Seer 75 52 64 0 | Partly cloudy... 89 1866 lad 4.19 
Bia sta,ehs 70 51 60 0.41 | Cloudy......... : 12 1867 7G 1.78 
DS Be ae 65 50 58 0 | Partly cloudy... 56 1868 TWP? UL 
| 1869 70.4 badd 
ib arene 76 47 62 0 | Partly cloudy... 72 1870 74.4 8.02 
(Serre 68 60 64 163" Cloudyas.-- 20 | 5 1871 70.6 3.10 
Siopiaes ss 75 52 64 0.19 | Partly cloudy... 70 1872 74.9 3.36 
Deere a: 80 49 64 0 | Partly cloudy... 80 1873 70.8 5.12 
cee ote 80 57 68 0 | Partly cloudy... 89 1874 72.0 2.56 
1875 69.7 2.42 
he ess a2 81 64 72 0 | Partly cloudy... 56 1876 1p Je} 2.10 
Bt tee xtisis 85 64 74 0 | Partly cloudy... 81 1877 71.4 2.25 
dates es 85 58 72 0 | Clear Ser 100 1878 73.0 2.96 
1 Sea 83 62 72 0:03;)-Cloudy:.2 2-2. - 39 1879 74.0 2.19 
LA ey ee 79 68 74 0:24.) Cloudys. cs .5..- 3 1880 68.0 6.27 
| 1881 73.1 | 1.81 
GE chsstiets.« 87 66 76 0 | Partly cloudy... 80 1882 67.5 2.32 
(A? SR ee | 84 63 74 | OU Clearin. ass ace 97 1883 68.9 11.27 
ily, Bape 81 61 71 0.78 | Partly cloudy... 55 1884 68.0 2.60 
ON yaeronis 74 59 66 0 | Partly cloudy... 36 1885 PASE 2.52 
PAU Ge re Hae 71 54 62 | 0.07 | Partly cloudy... 54 1886 70.7 0.65 
| 1887 tose 1.50 
Dette « 71 50 60 | 0.16 | Partly cloudy... 66 1888 70.5 2.40 
DP ee 77 48 62 One Clears 2s... 2. 96 1889 70.2 3.41 
CER ae ee 79 50 64 O-e@lear a: Soe, 96 1890 Caen 0.92 
Oo eae 79 57 68 | OR2S si Cloudyacnae tse 21 1891 65.3 1.88 
BE iiec coe 76 59 68 | 0.06 | Cloudy......... 28 1892 70.3 2.00 
1893 71.5 1.86 
DOS errecrcr 78 58 68 | 0 | Partly cloudy 35 1894 73 .2 0.86 
Mince cas 71 58 64 0.06 lpUdyae ee ace 0 1895 70.5 1.47 
7 ee a 76 64 70 0: 4 ieClondys 2.2 20 1896 71.8 6.73 
AO eas. 79 62 70 ONS HPC londveecs teens 11 1897 73.8 8.49 
Ole soar. 83 69 76 | 0 | Partly cloudy... 54 1898 70.0 1.34 
fl er 84 67 76 | 0.27 | Partly cloudy... 51 1899 69.8 2.11 
: 2 : 1900 69.6 4.15 
Meannp esa tempera inert meyers aiceeieleca «cd oo sreace seo eis ne ees gui lah Oe 17.9 1901 74.2 5.08 
Mean lowest temperature................... 57.9 1902 70.6 7.13 
Mean temperature for month 67.9 1903 67.9 3.79 
Total precipitation for month say 1904 69.2 1.97 
1905 69.8 yrs 
1906 70.8 2.23 
INFN eridays CLEARS, car. (o'c srois oe sialeceic RTs ae aislelc AOE Dee ence eee 4 1907 70.0 4.30 
Bart lyn GOW yes ois ole cea cre sero. eae ee Ee ae aes 18 1908 reser 1.03 
(CHET (sh ae Sn ele Ie See OEM RE rie, CO Rn ar ot Re Na ee 9 1909 70.0 2.56 
Wat): Olver more of precipitation. +. .1.cce.4- +.) aeteae ae eae ae eee 16 1910 a s +08 
1911 ; 65 
SUNSHINE 1912 60.6 5.06 
PEN bers OTs SUNANING y Lever’ vacclaaaie's/sio we clevelote itr c era aia eistetapeche ioeraye ets 250.4 1913 70.8 2.85 
Osc eg ICO ETE: Tre a ae Cm BS mane vn ew Ee ee ra 464.9 1914 7A) 1.65 
IPGECEML SPRL Of ORRIN IC Mas!) - Sai owe doithe & a 51 Srosclajatctastivicuate ae ee oan Comer te 54 1915 67.9 ays 


BarometeR—Mean, 29.93 inches; highest, 30.20 inches, on 26th; lowest, 29.62 inches, on 4th. 

TremPrRATURE—Highest, 87°, on 16th; lowest, 47°, on 6th; greatest daily range, 31°, on 9th; least daily range, 8°, on 7th; 
normal for month, 70.9°; excess or deficiency this month, —3.0°; accumulated excess or deficiency since January Ist, —193°; 
average daily, same period, —0.9°; highest in 30 years, 102°; lowest, 37°. 

Preciriration (in inches)—Total amount, 5.17; normal, 3.22; excess or deficiency this month; +-1.95; since January Ist, 
—1.82; greatest amount in any 24 hour period, 1.82, on 7th and 8th; total snowfall, 0.0 inches. : 

Winp—Prevailing direction, southwest; total movement, 2,889 miles; average hourly velocity, 3.9 miles; maximum velocity, 
18, from the southeast, on Ist. re 

Dares or—Auroras, 0; dense fog, 16; hail, 0; sleet, 0; thunderstorms, 1, 2, 7, 18, 21, 28; halos: solar, 9; lunar, 0; frost: killing, 


0; heavy, 0; light, 0. 
DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, August, 1918. 


Temperature. 
Precipita- ‘he 
Date. tion, in C ae of 
inches. “278 
Highest. | Lowest. Mean. 

LR cise 86 65 76 0.03 | Partly cloudy... . 

2 ae RSS 75 64 70 0.21 | Cloudy......... 

Dh data teale 80 62 71 O-19° "Cloudy: ».c se... 

Ae Sate 70 58 64 OOS si MCloudyasee ees 

Pee ate 60 55 58 Ost6aiCloudvennceven 

Oe ces 69 57 63 0.10 | Cloudy......... 

[ee tate) 78 54 66 OnliGloudyatees. oer 

Bae nvsucts 80 58 69 0 | Partly cloudy... . 

oe ades 78 56 67 OW ACTear se heater. 
LOR Rea. 81 55 68 0 | Partly cloudy... . 
1 A eee re 70 58 64 0:01) | S@loudya, vac: 
Le Sart 69 61 65 0.97 | Cloudy... 
1 ES atin 80 60 70 0.09 | Partly cloudy. 
1 | Sa aa 79 58 68 OFOSW IRC loudyaenee ae 
UD ee arace: 83 59 71 OPC ears Mae fe 
AOR 83 62 72 1.63 | Partly cloudy... . 
1 ge 67 46 56 0 | Partly cloudy... . 
1 ee ane 73 42 58 Of (Clear se 6ic-one. <7: 
Oscars 76 47 62 OM RClear Sern so ix wc 
DO cs 73 49 61 On| "Cloudyaeeen- oe 
QUlk aereeiaic. 65 60 62 al Gal eM Cloudiaeerecncs 
Dy melanie 78 56 67 OS (Clear ra. ae avons 
Dae Rie ate 81 56 68 0 | Partly cloudy... . 
7 ey Ree 73 58 66 OMO2  NCloudyz=:- see. 
ZO eae 66 51 58 0 | Partly cloudy... . 
DD eter as 3: 63 45 54 Onl Clear Aiea 
Dies. he 67 38 52 OneCleanseeecerne ns 
28 cise afte 72 41 56 0 | Clear... 
OS yee sake 69 48 58 Onli Cloudyaroensen 
BOR. Ga hae 60 42 51 0 | Partly cloudy. 
Sh Oa ae 68 40 54 0 lear 


Mean highest temperature 
Mean lowest temperature 
Mean temperature for month 
Total precipitation for month 


Number days clear 


Partly cloudy 
Cloudy 


With 0.01 or more of precipitation 


Number of hours sunshine 
Possible hours sunshine 


Percentage’of possible... a5 - yelotcs,-'c rece eee eee Te ern: Gace at 


Percent- 
age of 
possible 
sunshine. 


This month since 1864. 


Mean Total 
Year. tempera- | precipita- 
ture. tion. 
1863 Vs teamerate 3.00 
1864 70.7 0.39 
1865 65.8 3.38 
1866 62.6 3.44 
1867 69.8 1.74 
1868 70.3 2.42 
1869 70.6 4.85 
1870 70.1 4.53 
1871 71.2 1.42 
1872 Tine: 4.18 
1873 69.5 0.80 
1874 69.4 1.28 
1875 65.5 1.47 
1876 71.6 1.28 
1877 68.5 6.57 
1878 70.2 1.85 
1879 70.0 1.61 
1880 68.6 6.02 
1881 72.7 1.68 
1882 69.5 5.72 
1883 64.9 0.18 
1884 66.9 1.30 
1885 63.6 6.75 
1886 69.3 4.69 
1887 68.0 0.89 
1888 67.6 1.87 
1889 68.6 0.68 
1890 65.4 3.60 
1891 67.9 4.82 
1892 68.3 5.12 
1893 68.1 0.56 
1894 68.8 0.00 
1895 7182 4.64 
1896 70.0 4.73 
1897 65.9 1.69 
1898 69.0 2.73 
1899 71.4 0.70 
1900 73.3 2.98 
1901 68.4 2.49 
1902 64.2 0.68 
1903 64.3 6.73 
1904 65.9 3.26 
1905 69.6 3.92 
1906 73.5 4.35 
1907 65.5 2.87 
1908 68 .4 3.99 
1909 71.0 1.61 
1910 68.2 1.76 
1911 68.2 1.48 
1912 65.7 2.19 
1913 69.4 5.60 
1914 68.9 3.00 
1915 63.4 4.63 


BaroMETER—Mean, 29.97 inches; highest, 30.34 inches, on 18th; lowest, 29.58 inches, on 21st. ; 
TrmMPERATURE—Highest, 86°, on Ist; lowest, 38°, on 27th; greatest daily range, 31°, on 18th; least daily range, 5°, on 21st; 
normal for month, 68.4°, excess or deficiency this month, —5.0°; accumulated excess or deficiency since January 1, —347°; 
average daily, same period, —1.4°, highest in 30 years, 99°, lowest, 32°. ‘ f 
Precipira TION (in inches)—Total amount, 4.63; normal, 2.63; excess or deficiency this month, +2.00; since January 1, +-0.18. 
greatest amount in any 24 hour period, 1.63, on 16th; total snowfall, 0.0 in. ; 3 : : 
Winp—Prevailing direction, northeast; total movement, 3,290 miles; average hourly velocity, 4.4 miles; maximum velocity, 
20, from the northwest, on 16th. 
Dares or—Auroras, 0; dense fog, 29; hail, 16; sieet, 0; thunderstorms 7, 8, 12, 13, 14, 16, 24; halos: solar 14, 20, 26; lunar, 0; 
frost: killing, 0; heavy, 0; light, 18, 27, 31. 


DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, September, 1915. 


Date. 
Highest. 
UL ateeee 77 
Dictate a6 83 
Dee tess 82 
Ba tates 76 
Oren 68 
erdeacce 64 
(haere 79 
Bess 85 
Deana 76 
LOR epee. 78 
US ec 72 
I ee neers 87 
Baers 86 
Mae Bio cs 89 
LGR 3 78 
GEE 85 
LY (Seaeeeess 77 
EL Betecn ees 74 
1s aan 75 
DO een 76 
QU on vets 59 
Da oa 65 
a ecice te 67 
DAN sce bis 72 
QD erates 77 
AG aiere erste 67 
OY (ed Sate 54 
OB was > eee 58 
Bee Sack 63 
Bae 64 
OF romeiclod ieeeiioeemer 


Mean highest temperature 
Mean lowest temperature 
Mean temperature for month 


Total precipitation for 


Number days clear 
Partly cloudy...... 
Cloudy 


Number hours sunshine 
Possible hours sunshine 


Temperature. 

Lowest. Mean. 
46 62 
46 64 
54 68 
58 67 
61 64 
61 62 | 
61 70 
64 74 | 
57 66 | 
50 64 | 
62 67 
61 74 | 
66 76 
71 80 | 
64 71 | 
64 74 | 
58 68 | 
56 65 | 
55 65 | 
51 64 | 

| 

41 50 | 
34 50 | 
42 54 | 
55 64 | 
53 65 | 
43 55 | 
39 49 | 
36 47 | 
33 48 
36 50 | 
Bose ic aan ee | 


Precipita- 
tion, in 
inches. 


Character of 
day. 


Partly cloudy... . 
Clondyseo ne: 


Cloudye ses. .3...- 
Clearay neem 
Partly cloudy... . 
Partly cloudy... . 


Cloudy......... 


Oo ORD yO 


o ooo FO 
CcCoOoWwNOo FONWD UROCOOO 


= 
~I 


Wledri ee nekt cn 


Partly cloudy... . 
Partly cloudy... . 
Partly cloudy... . 
Clears ee ous My. 


a 
cies tt SO) 
NorkoCo 


Clear herr a 
Partly cloudy... . 
Partly cloudy... . 
Partly cloudy... . 


Sooo Cocca 


Percent- 
age of 
possible 
sunshine. 


THOU Chi pee eet rye sree oy cre ee me ey Rn ar 


Rercentage ompossibles jas ac.cae ost onteinn Sa ee eo Mah seen eis ene 


| 


This month since 1864. 


Mean Total 
Year. tempera- | precipita- 
ture. tion. 
LCT Aa ee 0.89 
1864 59.6 3.53 
1865 67.7 4.79 
1866 55.8 5.80 
1867 56.6 1.42 
1868 58.8 2.95 
1869 63.5 1.43 
1870 63.7 2.85 
1871 59.1 0.79 
1872 62.0 5,21 
1873 67.4 3.50 
1874 62.8 1,27 
1875 58.5 2.89 
1876 56.3 3.65 
1877 61.3 1.38 
1878 63.2 3.41 
1879 56.2 3.19 
1880 55.8 3.10 
1881 69.7 2.91 
1882 59.9 0.67 
1883 56.4 2.34 
1884 65.1 3.34 
1885 58.9 3.75 
1886 62.1 5.40 
1887 58.9 4.72 
1888 57.8 1.89 
1889 61.2 0.79 
1890 57.7 1.67 
1891 65.1 1.10 
1892 60.8 2.17 
1893 58.4 1.84 
1894 63.7 2.59 
1895 66.6 0.85 
1896 57.6 6.73 
1897 62.9 0.80 
1898 63.3 3.00 
1899 57.0 2.14 
1900 63.2 0.89 
1901 61.7 1.67 
1902 58.7 5.88 
1903 61.0 2.86 
1904 62.0 2.35 
1905 63.8 3.21 
1906 67.5 0.76 
1907 61.8 4.68 
1908 66.4 0.65 
1909 60.4 1.51 
1910 60.2 2.74 
1911 61.5 5.05 
1912 62.7 3.33 
1913 61.0 1.53 
1914 60.3 2.65 
1915 63.2 6.55 


BaromMeTeR—Mean, 30.04 inches; highest, 30.38 inches, on 2nd; lowest, 29.57 inches, on 20th. 

TrEMPERATURE—Highest, 89°, on 14th; lowest, 33%, on 29th; greatest daily range, 37°, on 2nd; least daily range, 3°, on 6th; 
normal for month, 61.6°; excess or deficiency this month, -+-1.6°; accumulated excess or deficiency since January Ist, —301°; 
average daily, same period, —1.1°; highest in 30 years, 99°; lowest, 21°. ; 

PRECIPITATION (in inches)—Total amount, 6.55; normal, 2.62; excess or deficiency this month, +3.93; since January Ist, +4.11; 
greatest amount in any 24 hour period, 1.96, on 5th and 6th; total snowfall, 0.0 inches. : 

Winp—Prevailing direction, southwest; total movement, 3,553 miles; average hourly velocity, 4.9 miles; maximum velocity, 


19; from the northwes 


t, on 26th. 


Dates or—Auroras, 0; dense fog, 0; hail, 0; sleet, 0; thunderstorms, 8, 10, 12, 14, 16, 20, 23; halos: solar, 25, 30; lunar, 24; 
Frost: killing, 0; heavy, 29; light, 22, 28, 30. 


DEWRY A. SEELEY, 
Loca Forecaster, 
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Monthly Meteorological Summary, Lansing, Michigan, October, 1916. 
Temperature. This month since 1864. 
. Percent- 
D: Precipita- Character of age of 
ate. tion, in sf Bante 
inches. Ye Bget e Mean Total 
| Highest. | Lowest. Mean. € Year. tempera- | precipita- 
ture. tion. 

BI, ss 53 48 50 0:15.) (Cloudyze-..0- 0 1863412: caecce 1.04 
Bes diverts 66 47 56 0 | Partly cloudy... . 48 1864 45.7 1.86 
Sie nie 76 50 63 0 | Partly cloudy... . 66 1865 46.5 2.76 
Ui ease 69 50 60 0.03 | Cloudy......... 36 1866 49.5 3.57 
LAS - eae 51 43 47 OLOUs }Cloudyzeene. +e. 25 1867 50.6 2.11 
1868 45.2 lll 
GA Maviets 54 42 48 0 | Partly cloudy... . 36 1869 40.8 1.72 
RO eee 52 38 45 0.01 loudyenesee enn 19 1870 52.5 2.29 
Syekeewee 43 37 40 0.02 | Cloudy......... 0 1871 53.9 1.43 
OF. 46 29 38 Onle@Cloudyzreaseoce 27 1872 47.4 0.67 
NOS? fp 54 28 41 0 | Partly cloudy... . 94 1873 44.7 1.91 
; 1874 49.1 0.49 
69 46 58 0 | Partly cloudy.... 100 1875 42.9 5.81 
68 46 57 0 | Partly cloudy... . 97 1876 43.7 1.26 
64 51 58 OPQ) Cloudy:eeee ee 5 1877 50.8 5.69 
62 50 56 ONC loudyseee ees: 14 1878 48.3 1.99 
63 41 52 0: (Clear eae 5 se 74 1879 57.3 1.57 
1880 46.2 2.84 
1G ences 61 36 48 0 | Partly cloudy. 70 1881 B25 5.56 
1 ees 64 41 52 0.06 GUC yAmencieeen 70 1882 iv Aarl 2.64 
Stine as, cite 65 54 60 O30" kClondysmeses ee 26 1883 46.2 3.66 
LO ee es 65 48 56 0 | Partly cloudy... . 55 1884 50.9 5.73 
DOR 2 73 46 60 0 lear van sine 100 1885 45.0 3.08 
1886 52.4 0.95 
ee apeteic <- 65 36 50 ODM Cleartereee eon 100 1887 45.0 1.86 
PP Ae on AE 63 34 48 O;|)i@lear Saco. ae 100 1888 45.7 3.00 
DB aie re area 54 32 43 Oe Clear cee 95 1889 44.2 0.65 
DA Nok 55 28 42 Or Clear Se aeccns 85 1890 49.1 4.56 
DORN eRe cic 67 44 56 Oz|PClearee nase. 100 1891 48.8 0.82 
1892 48.3 0.78 
DO ve wrote aie 60 36 48 0 | Partly cloudy. 90 1893 49.7 3.61 
Dies 56 33 44 0 learn yee 77 1894 49.8 1.91 
Dos erse| 68 41 54 0 | Partly cloudy... . 96 1895 45.0 1.41 
Da Wey rahi 58 40 49 0 | Partly cloudy... . 65 1898 44.6 1.06 
OU eesti 65 34 50 O}| Clear prmcrccister 100 1897 53.1 2.15 
SUM meee se 69 41 55 0 | Cloudy.......<. 77 1898 49.6 8255 
— 1899 B32) 2.68 
Meanihichest tempera bare 2eyenareoayayors Soioesins nee new oe oe eo ee Ree eee eke 61.2 1900 56.6 2.77 
Meanilowest, temperature soc toe, Scan ee nim semen haere ae tay la ee 41.0 1901 49.6 4.61 
Meanitemperaturetforamonthsra semen neta eect cee Cee isl il 1902 49.6 1.53 
Motaliprecipitationfor months. co j-ncee ecoe ok emen emcee ee Saree 0.70 1903 51.0 2.01 
1904 48.6 1.90 
WEATHER 1905 50.9 1 15 
Nuimberdavalclears......fnseisis ndaaan ence ittat wieinioeechie ca eee eet 9 eae an Be 
Partly (ELT kara Seas AO Se RR IOP cn UE Vi pra ect aide NIE, = 11 1908 51 6 082 
Cloudy Ee va iocvoersiesior ne DAG Connor ochse. Cane. saps AcUNAtooAgGuSoGNU se: 11 1909 46 2 071 
Nach Od tormore toh precipitatlonneseneyseiciesre selec mt resleacmterente ae iaien mia ete 8 1910 518 2.97 
‘ 1911 48.0 5.00 
SUNSHINE 1912 50.4 3.44 
Number hours (stinshine) 5 stipicsiyacietetcgt inion s csteistioe ote bw altgaaiserentsa ie ctaiele 212.1 1913 50.2 3.30 
Possible hqursisdnshine:,): fasta acco wonrrontem rae ac eines 341.9 1914 54.6 2.81 
Percentage ob possible. wer wic coool ieee eI eee eae eee 62 1915 iii taal 0.70 


BAROMETER—Mean, 30.05 inches; highest, 30.50 inches, on 16th; lowest, 29.56 inches, on 31st. 

TEMPERA TURE—Highest, 76°, on 3rd; lowest, 28°, on 10th; greatest daily range, 31°, on 30th; least daily range, 5° on Ist; 
normal for month, 49.0°; excess or deficiency this month, +-2.1°; accumulated excess or deficiency since January Ist, —236°; 
average daily, same period, —0.8°; highest in 30 years, 90°; lowest, 10°. : ; ‘ 

PRECIPITATION (in inches)—Total amount, 0.70; normal, 2.23; excess or deficiency this month, —1.53; since January Ist, 
-++-2.58; greatest amount in any 24 hour period, 0.36, on 17th and 18th; total snowfall, 0.0 inches. ; 

Winp—Prevailing direction, southwest; total movement, 4,539 miles; average hourly velocity, 6.1 miles; maximum velocity, 
24, from the southwest, on 26th. it 

Dares or—Auroras, 0); dense fog, 0; hail, 0; sleet, 0; thunderstorms, 0; halos: solar 11, 12, 17, 28, 31; lunar, 24; frost: killing, 10; 


heavy, 0; light, 0. 
DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, November, 1916. 
Temperature. This month since 1864. 

aa Percent- 

—| Precipita- Character of age of 

Date. tion, in AR ible 

inches. y: p Hae fe Mean Total 
Highest. | Lowest. Mean. SHES |) Son tempera- | precipita- 
ture. tion. 

HOI oe as 64 41 52 0 | Partly cloudy... . 56 W863) "| sees ener: 0.40 
De ve 51 28 40 0: | Cloudy. ..=2,.: 4 1864 37.9 4.12 
arene 47 26 36 0.03 | Partly cloudy... . 97 1865 38.6 0.68 
ae 59 38 48 0 | Partly cloudy... . 73 1866 37.9 2.60 
Doradonoe: 44 32 38 OF @loudyensse sees 5 1867 40.4 Le 
1868 36.8 2.44 
Gace 51 31 41 0 | Partly cloudy... . 67 1869 32.1 1.93 
Ueicpaanee 62 37 50 0 | Partly cloudy... . 100 1870 38.4 0.91 
Bec aee ae 71 42 56 On| Cleary cee sees 91 1871 32.0 1025 
Domne 51 33 42 OBI Cleartien en scee 100 1872 29.8 0.98 
LON Ss evar 50 31 40 On/*C@loudyz\.2. fas: 13 1873 28.5 2.03 
1874 35.0 1.61 
eae 66 45 56 0260))| (Cloudyz-.... 4. 11 1875 33.0 jth 
Dede Se 51 32 42 On Cleares fees nu 100 1876 36.3 0.91 
| Ree ears 50 31 40 OUR @leareenre ee. 100 1877 3522 3.67 
1 ee 51 30 40 OROSs SR @loudyanneecer 61 1878 36.3 2.16 
Ub dercctersie's 34 27 30 OM Cloudys 3. .n00 27 1879 38.2 4.55 
1880 PA 2.32 
LG oionis 2 34 24 29 OND |i Cloudivarer asic 8 1881 38.2 4.09 
Terie sites 43 26 34 One @learces. eaeinec 91 1882 36.3 1.83 
ieee 46 31 38 OFST a Cloudyene-ncoee 14 1883 38.1 3.98 
Qc csi 44 34 39 OST Cloudysece* sane 0 1884 34.1 1.84 
ZO eric icles 39 32 36 OyiCloudvaen acces 8 1885 37.2 2.90 
1886 33.9 1.48 
7d Sa 34 28 31 0.02 | (Cloudy... o<.., 1 1887 35.7 2.28 
ODS eae 31 25 28 On|) Cloudyes coe one 0 1888 38.5 3.12 
FAR epee 34 26 30 O05 Cloudysesseec 0 1889 37.4 O6r 
PEE 41 27 34 OLieCloudyeeeee aoe: 53 1890 39.1 2.30 
DO eso1cis cles 60 38 49 0) Cloudy. -ts.... 17 1891 34.0 3.34 
1892 34.2 1.84 
DG er ies 60 50 55 0.03 | Cloudy..:...... 32 1893 35.6 2.19 
Dilioyei avers 50 38 44 0.04 | Partly cloudy... . OL 1894 32.5 0.97 
Ose ree 43 32 | 38 0.44) Cloudyzac. senos 1 1895 35.4 3.87 
PA Rae 32 25 28 0222) Cloudy. :. 52.22 22 1896 | 37.1 1.05 
SON aeons 30 22 26 OLO2s | NCloudyn ens. 24 1897 36.5 2.94 
Fa seco ene tec CH TER ce OME a er rel |e | Mee eee ie, Al Pee ea 1898 33.1 2ude 
1899 39.7 1.72 
MMeanvhiphest tempera ture rm 4 leg: a gacjernercert a Sele oleh raisvo sia ieee ce ators 47.4 1900 | 35.3 5.10 
Meanblow estxtem perature: 35. taeb amin seterars aitineeelaeceno rock erence enn ne 32.1 1901 32.8 1.21 
Meanttemperaburent Or mon thins |esrotrioa soc ite sete eon een 39.8 1902 43.0 2.46 
siatalsprectpialon fOnmon tiie: she oot eat.\. siavarprale, ernest crash cates iota 2.23 1903 34.0 1.45 
1904 40.0 0.04 
WEATHER 1905 35.8 2.25 
INT Ge CEG AEA aeretie oem aoe Ee, SoU BSD ER nE o Gdiseicacdh Sacmancnnooodan 5 ae 31.0 aan 
PATEIVAC ONG Y/ Pioc mes Seen cate ere ae ie eae Ss en ae Oe AS erate TE nto 6 1908 389 1182 
CIONGY 25 oe nigeaeee: Ongies ne S Gb BHAT OL EE a TO Me Inco rCAGRENOH seclanemoce 19 1909 44.5 374 
WachtOl0ormoretotiprecipiiation sae ore ctectre hmastet om cist nets siatertonraneete 13 1910 34.0 1.37 
1911 33.8 3.40 
SUNSHINE 1912 38.6 2.86 
Numiberhours sunshineee swe oka eaveee Gee te eee cloticeim are ceiuse eee: 121.0 1913 41.7 2.38 
IRGRAID Le THO tes | BULBINE saree ay ericrc ch tara oil caret tench tow eiteteaee ie cr aioraieneroia oiciare 292.1 1914 37.6 1.40 
Percentage of possible 41 1915 39.8 2.23 


BAROMETER—Mean, 29.93 inches; highest, 30.44 inches, on 10th; lowest, 28.99 inches, on 19th. ; 
TrMPERATURE—Highest, 71°, on 8th; lowest, 22°, on 30th; greatest daily range, 29°, on 8th; least daily range, 6°, on 22d; 
normal for month, 36.8°; excess or deficiency this month, +3.0°; accumulated excess or deficiency since January Ist, —151°; 
average daily, same period, —0.5°; highest in 30 years, 72°; lowest, 0°. ; : . 
PRECIPITATION (in inches)—Total amount, 2.23; normal, 2.41; excess or deficiency this month, —0.18; since January Ist, 
-+2.40; greatest amount in any 24 hour period, 0.66, on 28th and 29th; total snowfall, 7.6 inches. : : : 
Winp—Prevailing direction, southeast; total movement, 6,094 miles; average hourly velocity, 8.5 miles; maximum velocity, 
25, from the southwest, on 11th. a 
Dates or: Auroras, 5; dense fog, 0; hail, 0; sleet, 0; thunderstorms, 0; halos: solar, 3, 7, 14, 24; lunar, 17, 22; frost: killing, 
heavy, light (frosts not recorded). 


DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, December, 1916. 


| 
} Temperature. This month since 1864, 
pee Percent- 
Date. a See ce cag Character of age of 
inches. day. pole Mean Total 
| Highest. | Lowest. Mean. sunshine. | Year. | tempera- | precipita- 
: ture. tion. 
| 
NPS ee 33 23 28 0.03 | Cloudy......... 9 | 18633 |2 02 ee By iis 
> ear eae 32 | 19 26 OV Clear i Sake oe 82 | 1864 24.4 3.20 
4 eee 32 14 23 OniR@ leareeere ee 67 1865 26.7 1.43 
(age 31 11 21 Ov lear = tees 100 1866 25.5 1.90 
eer ee 33 | 20 26 0 | Partly cloudy... . 48 | 1867 25.3 1.34 
1868 21.2 135 
Gata ae! 32 15 24 0 | Partly cloudy... . 87 1869 28.2 2.11 
7 35 14 24 0) (Cloudy. 95,25... 0 1870 24.8 2.07 
36 | 31 34 OF0INIClondy2ss-e acer 8 1871 ZAC 1.76 
31 | 20 26 On| SCloudvae-p eee 48 1872 15.7 1.06 
28 15 22 0” Cloudy... 63 1873 29.5 3.02 
| 1874 27.0 0.37 
1 oe ae oe 28 15 22 OsiClondyes.-a4.ee 5 | 1875 31.6 2.80 
Lec oes 28 | 22 25 OSL Cloud yecsessee 0 1876 15.2 1.29 
| Eee 32 20 26 OL03eCloudyereceere. 36 1877 36.6 1.03 
1 ee 23 | 14 18 Qe learner cetes 97 1878 21.3 2.27 
1 Ns Sea tepe 30 | 11 20 On Cleara&2ree&- 100 1879 27.5 3.55 
| 1880 22.1 0.85 
AGaah ee 32 16 24 OFOSo"Clondysee s.r tf 1881 34.3 i ee 
ili Repraa oe 35 29 32 QL Clondy2ns..28-. 0 1882 24.8 0.88 
1s? 32 22 27 Otol *Cloudyice on oe 0 1883 26.4 1.28 
ThE a ae | 26 20 23 O202""Cloudys s. ee. 1 | 1884 24.7 4.15 
7) 1 ee Se | 21 18 20 OLO2 Me Cloudyenceneee 0 1885 27.8 2.14 
| 1886 19.7 1.56 
DNS Fe Sacre | 27 18 22 | OL03 1" Cloudyecnosa 24 1887 27.3 3.32 
aoe dea ore 38 22 30 | 0.01 | Partly cloudy... 53 1888 30.4 1.20 
a Beatie ap 39 33 36 | 0.05 Udy. Soria 0 1889 36.8 2.61 
AS 33 30 32 0:32 | Cloudy......... 0 1890 26.4 1.12 
OF te 31 | 11 21 OMS Clondye os 50 1891 34.6 1.47 
| | 1892 25.6 1.52 
DUS ers ieios | 29 13 ZL} Out@loudyz sean. eee 39 1893 27.6 2.28 
Dee eps | 32 22 27 Os@londyeescceeee if 1894 ai ierl 0.93 
DS ee ei 26 8 17 | On "Clears eae sees: 100 1895 28.5 5.39 
Oars oe Sere 30 11 20 | 0 | Partly cloudy... 49 | 1896 28.1 0.80 
5] Vis cope 29 20 24 OF PClondye seen cae| 60 | 1897 25.6 2.02 
Bi Leet 35 23 29 OMONMCloudysse eee 7 | 1898 24.8 1.42 
| 1899 25.0 a lai 
Mean ‘hig heat temperature sco: 2,40 ccs mene eras eee see a 30.9 | 1900 26.7 0.50 
Meantlowest:.temperatiire.. 2-5 > vec ie Sect aero eee a ea ae 18.7 1901 21.6 3.00 
Mean'temperatiire for:monthes...22 ase oa teers ote cn eee 24.8 1902 24.8 2.89 
Dotal precipitatlondor mon ghey csc. aati ae ck eed ee ee ee ee 1.01 1903 19.7 LE 
| 1904 21.7 1.42 
WEATHER | 1905 30.2 2.54 
Wamberdaverclears=.ete cra 5h eee er ene ee 6. ae a re 
IPATEIVACIOUGY Se. cic scsyats Pai eer ae ce Neer ae Tie Se Re OD eae aia 4 | 1908 - 96 4 2 08 
Cloudy “SCAT POOL oor i cc a 21 | 1909 23.0 291 
WathiO:0 orsmore Gf preripitation-ectesec: ae. pec datas ieee coe oe 15 1910 216 1.28 
| 1911 Lal i 
SUNSHINE | 1912 310 130 
Wiaimiber vopirs: sunshine ar see co isi cere mee < Ce eSATA e 104.0 | 1913 31.8 0.55 
Porsiblevhours simsbinie? Seis 3) s ee tis See acces ra oe eerie Baan Baoan 280.8 | 1914 21.6 iat 
Percentace Ol wosslDle tater ctr aeic ae ee Meets trea a ee nen a 37 1915 24.8 1.01 


BaROMETER—Mean, 30.04 inches; highest, 30.54 inches, on 6th; lowest, 29.47 inches, on 17th. : 

TeMPERATURE—Highest, 39°, on 23rd; lowest, 8°, on 28th; greatest daily range, 21°, on 7th; least daily range, 3°, on 20th; 
Normal for month, 26.8°; excess or deficiency this month, —2.0°; accumulated excess or deficiency since January Ist, —211°; 
average daily, same period, —0.6°; highest in 30 years, 62°; lowest, —24°. ; ; 

PRECIPITATION (in inches)—Total amount, 1.01; normal, 2.08; excess or deficiency this month, —1.07; since January Ist, 
+1.33; greatest amount in any 24 hour period, 0.47, on 24th and 25th; total snowfall, 11.0 inches. } : ’ 

Winp—Prevailing direction, southwest; total movement, 4,814 miles; average hourly velocity, 6.5 miles; maximum velocity, 
21, from the northeast, on 29th. 

Dates or—Auroras, 0; dense fog, 0; hail, 0; sleet, 0; halos: solar, 5, 6, 13, 15, 16, 21, 30; lunar, 11, 15. (Frosts not recorded.) 

DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, January, 1916. 


Temperature. This month since 1864. 
iy ie a RAM Roos coe Character of pete 
Date. Hon, ma da ossible 
inches. y- tae nana Mean Total 
Highest. | Lowest. Mean. Se Year. tempera- | precipita- 
F ture. tion, 

1 es ae | 48 35 42 0.46 | Cloudy......... 0 PSGS hase lec sets nilsson 
Dm iets oes 46 27 36 OP Cloudyse-n5 55-6 29 1864 | 22.3 0.94 
DeSean 30 23 26 0 | Partly cloudy... . = 38 1865 | 21.1 0.65 
BRS ccoivistd 43 25 34 0: Cloudyes-.-eo58 0 1866 21.2 2.03 
eyes absy svevs 49 8 28 02025) Cloudsy2: S45) 0 1867 17.6 1.68 
1868 19.0 1.47 

(ae 19 8 14 0 | Partly cloudy... . 57 1869 29-4 0.87 
Ne te astaters 23 10 16 On Clears aaa 87 1870 25.4 1.93 
Se trae he 32 8 20 0 | Partly cloudy... 83 1871 24.8 3.95 
Dt taco 38 26 32 O01) (Clondyeese. sacs | 16 - 1872 21.6 0.42 
RO Bape istavclens 42 22 32 O05" "Cloudyaees- see 0 1873 15.9 2.98. 
¥ 1874 hel 3.53 

Ne ae 24 18 21 0:04 | Cloudy: ...-....| 11 1875 12.9 1.81 
De ictevorcrs 32 24 28 OF 83! "Cloudyis.. 4.5. 0 1876 30.2 1.63 
Ihde Bere } 30 1 16 0:04 | Cloudy......... 35 1877 18.1 1.33 
Oe cae 16 —1 8 Oult@learsae5 eer. 100 1878 29.1 1512 
pee 22 | 8 15 0.03 | Cloudy......... 6 1879 19.2 0.49 
1880 oe 2.67 

ie 21 | -—1 10 0:02} Cloudy:.......:. 52 1881 17.0 2.27 
Uy foes Rien A } 12 —2 5 0.01 | Cloudy......... 60 1882 24.9 1.47 
1S Soon | 13 7 10 0.03 Cloudy. : Here 57 1883 14.4 1.53 
1 tacts 21 9 15 0.01 | Partly cloudy sa 60 1884 1525 1.23 
711 ae Pe 36 20 28 0.08 | Cloudy......... 0 1885 15.3 2.70 
1886 18.8 2.66 

Discs 57 36 46 0.40 | Partly cloudy. 46 1887 18.2 3.25 
De sok 50 30 40 0.01 GAT sect te eras 82 1888 15.4 2.18 
Sed ieee Sarotte, 3 39 26 32 OnNCloudys onc oe8 33 1889 28.0 1.53 
DA aa 50 31 40 Oui Clearatrne: asco. 100 1890 31.5 2.31 
Daere ites 51 40 46 0 | Cloudy 39 1891 26.7 0.82 
1892 19.2 0.96 

BO ar cavoums. 52 43 48 O:049|"Cloudyee.s.2-.- 5 1893 14.8 1.78 
DY ee pe On 61 35 48 OAC Ne Cloudye.- eee 15 1894 26.9 i 8i/ 
DB etic oe 35 23 29 0°} Cloudy-s.7;..5.. 5 1895 17.5 1.04 
PAL ea 33 24 28 0:06 | Cloudy......:.. 0 1896 24.6 0.79 
Oe fera:ccas 35 33 34 0278" | Gloudya 22.22: 0 1897 22.3 4.17 
Dlices cea 34 19 26 0.09 | C loudy Sea 0 1898 24.9 3.07 
1899 21.7 2.03 

Meansnizhesttemperatire ss rcye.c oui eciccisio eine Pea eee tee Leesa ones tobe 35.3 1900 25.6 i Riley 
MeamslowestyteMmiperabuKe ssa .cctcuri oc cost acronis aa enone nose eee eee eee 19.8 1901 22e2 etal 
Wearigtemperaure Lor MONG chasm coe ca eeies ch ceo ee rae tek aes aa 27.6 1902 20.5 0.43 
otalaprecipiationforsmonther. ae sac emecide cane ho en os ak oe ree eee ee Byalil 1903 20.7 1.20 
1904 14.4 2.82 

WEATHER 1905 18.2 1.07 

1906 31.8 1.99 

Iii bersdayBiClear ste set sce ns canto oe ne Soros ee eer ee eee hoe 4 1907 23.2 3.97 
PALULULCIOUG Vm Mee cI cera oe ay coors RUNES ora GE NSA Pao 5 1908 23.8 1.89 
Glondvare coon osieccca econ 22 1909 26.6 2.16 
With 0.01 or more of precipitation 19 1910 23.4 2.52 
1911 20a 1.43 

1912 9.2 0.80 

; 1913 26.2 3.10 

Number hours sunshine 95.6 1914 PAD) 2.98 
Possible hours sunshine ; 292.5 1915 20.4 1.54 
Percentarerorpossivle ss. cacc one nace oo eee ene eee een 33 191o 27.6 3.11 


BAROMETER—Mean, 30.11 inches; highest, 30.64 inches, on 8th; lowest, 29.39 inches, on 5th. 

Tempera TuRE—Highest, 61°, on 27th; 1owest, —2°, on 17th; greatest daily range, 41°, on 5th; least daily range, 2°, on 30th; 
normal for month, 22.7°; excess or deficiency this month, +4.9°; accumulated excess or deficiency since January Ist, +150°; 
average daily, same period, +4.9°; highest in 31 years, 63°; lowest, —26°. 

PRECIPITATION (in inches)—Total amount, 3.11; normal, 2.09; excess or deficiency ack month, +1.02; since January Ist, 
-+-1.02; greatest amount in any 24 hour period, 0. 86, on 11th and 12th; total snowfall, 3.6 

Winp—Prevailing direction, south; total movement, 7,055 miles; average hourly ail era 9.5 miles; maximum velocity, 31, 
from the west, on 5th. 

DaTEs or—Auroras, 0; dense fog, 0; hail, 0; sleet, 0; thunderstorms, 0; halos: solar, 8, 17, 19; lunar, 25. (Frosts not recorded.) 

DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, February, 1916. 


Temperature. } 
| 
SS ee Character of ps 
Date. fe in lay possible 
inches. : x 
| Highest. | Lowest. Mean, sunshine. 
a — fe. 
1 ce 19 10 14 O08, | Clondysies seu. 38 
Rae Ree 15 9 12 0:01)" Cloudyi.2..-..: 2 
Bewcaasls 3 18 7 12 0203) |a@loudyie vs) nee 59 
Be tars 23 9 16 OOS Gloudys. -s20. 52 
A eee 33 | 23 28 QML") (Cloudyscna.-..: 12 
ae 27 16 21 0.03 | Cloudy......... 2 
| ee eee 16 0 8 0 CAT ns ceases 99 
Bien oe 20 | 2 11 0.05 | Cloudy... 22... 0 
De Cieicas 23 13 18 0201 \iCloudy=:.... 2.2 17 
I De ain sae 24 | 13 18 002" \[Clondyac... 2 48 
UUs esters 21 | 15 18 OL | iCloudyie... 3. 7 
1 he em ee 23 10 16 0.02 | Cloudy......... 38 
EES eee 19 —5 7 OU Clear se eee 100 
TS Gea ete 20 —14 3 ON Cleare. sea aacrs 100 
Dare etek 31 17 24 OR Cloudyere sence 34 
ieee See 39 17 28 0} Cloudy ic a. ass 26 
Le Ae ene 43 25 34 0.03 | Partly cloudy... . 62 
1A ae eae 34 8 21 0.10 | Partly cloudy... 65 
i ee 29 | 8 18 0 | Cloudy......... | 14 
71 ie eee 31 | 6 18 Os) \Cloudy2n; 22. ea. 7 
PDA ea Parte 28 —1 14 Ol Gleare ney. 100 
ie at 43 22 32 0.06 | Cloudy......... 69 
PEE ee iy oe 36 24 30 0.01 | Partly cloudy... 59 
DANS cents 34 21 28 0 | Partly cloudy... 69 
Qos ee eke 32 25 28 ON Cloudyaesee ees 9 
TAT ee ee 26 19 22 0:02 | Cloudy........ 41 
LER One 24 15 20 OOM IMCloudyee sae | 61 
VA Pee aetete 23 6 14 O20) Cloudyane see 44 
a Pins rretaie 30 14 22 0.02 | Partly cloudy 73 
BI an Ales se ae eeceen ale atin: 


Mean highest temperature 
Mean lowest temperature.............:00e0e-00- 
Mean temperature for month... . 
Total precipitation for month. .. . 


WEATHER 
MNumbersdayscledny aeons paseo wy Oe oe Oe eee Ree none 4 
11a) AACA Cel ek Ree MO SRE OTe Se ee SPR A et he ee Bold ote 5 
(Cloudy wie atacihse bithc., remot herein: cleats pace oie irae Cte TLE ee ieee 20 
With 0/0 Ler:more of prenipitahions wenn eset oe eee eee 19 
SUNSHINE 
Number hours ainshinie ras... 5 faa hata exten ia ei eae ee Ce eee 139.1 
Possible hours sunshine............ Non COR ROSARIO. Foe ocr orth Co eoor 306.4 
ercentaye:of possible. Sen caceonccnee es eoeinonee  aen eee ee ee 45 


This month since 1864. 


Year. 


BaromeTreR—Mean, 30.12 inches; highest, 30.74 inches, on 14th; lowest, 29.53 inches, on 26th. : 
TEMPERATURE—Highest, 43°, on 22nd; lowest, —14°, on 14th; greatest daily range, 34°, on 14th; least daily range, 6°, on 11th; 
norma! for month, 21.6°; excess or deficiency this month, —2.4°; accumulated excess or deficiency since January Ist, +-77°; 


average daily, same period, +-1.3°; highest in 31 years, 62°; lowest, —25°. 


Mean Total 
tempera- | precipita- 
ture. tion. 


pone Oo 


NATMIASCUNWTNODP WRENNER NWWWWODNORAIWOODNNWKRO 


oun 


DOR NIO DO DORON AWDODMO POOR WRN WWUNWOWNOS ROMAN RH WROTHWOANNNONAY 
i one me NDS ware 
SPIPQuevewrpwrenenwnanraney yn wywySuynesVSounysnVeyesay 


CNOPNENNWORRWOR ORO ROR OCH EN RHE O WRN WRN OWN MOO rN 


PRECIPITATION (in inches)—Total amount, 0.69; normal, 2.09; excess or deficiency this month, —1.40; since January Ist, — 


0.38; greatest amount in any 24 hour period, 0.13, on 4th and 5th; total snowfall, 9.1 inches. 


Winp—Preyailing direction, west; total movement, 5,116 miles; average hourly velocity, 7.4 miles; maximum velocity, 26, 


from the northwest, on 26th. 


Dares or—Auroras, 20; dense fog, 0; hail, 0; sleet, 0; thunderstorms, 0; halos: solar, 4, 15, 17, 28; lunar, 10, 14, 16. (Frests 
DEWEY A. SEELEY, 


not recorded.) 


Local Forecaster. 


| 


BaromuTer—Mean, 29.97 inches; highest, 30.49 inches, on 17th; lowest, 29.10 inches, on 6th. : 
TrmPrraTuRE—Highest, 67°, on 25th; lowest, —4°, on 23rd; greatest daily range, 35°, on 23d; least daily range, 3°, on 27th; 
normal for month, 32.3°; excess or deficiency this month, —6.1°; accumulated excess or deficiency since January Ist, —110°; 


average daily, same period, —1.2°; highest in 31 years, 82°, lowest, —12°. 


METHOROLOGICAL OBSERVATIONS. 287 
Monthly Meteorological Summary, Lansing, Michigan, March, 1916. 
| 
Temperature. This month since 1863. 
+s Percent- 
Precipita- | 
Bate: ‘don, rs | Chee of aS 
inches. aM | ae ts Mean Total 
Highest. | Lowest. Mean. | SIE MES | aVarie. tempera- | precipita- 
| ture. tion. 
De asbe5 22 | 12 17 0.04 | Cloudyss7 52.5: 0 DESTOBS Ul ne epee ater aes eon ee a 
2 care an 25 | 3 14 02057)" Cloadvas-s see 84 1864 ole 2.26 
area ie it 24 2 13 0.01 | Cloudy. : 61 1865 37.0 2.79 
Bee cues 29 5 17 0 | Partly cloudy 89 1866 29.1 3.39 
tile ee 28 8 18 0.08 | Partly cloudy 96 1867 29.7 0.68 
| 1868 37.8 4.65 
Oireres ccs 42 19 30 OMT Glondviers.ca soe | 0 1869 27.6 1.65 
(ioe 35 23 29 0.14 | Partly cloudy...) 62 1870 30.3 3.01 
OP Wain 23 14 18 ORO27 NC loudis.seeee oe 58 1871 38.2 3.91 
Peo easisvennes 35 6 20 OvZ2 5 Glondyzaw = 2-5!) 39 1872 24.8 2.04 
ROSS <5 28 12 20 0 | Clear. 100 1873 28.3 iis 
1874 32.3 1.79 
if | ene 34 8 21 0.03 | Partly cloudy 82 1875 26.2 1.02 
Meares Sie 40 28 34 OLOWACGloudyz.22 20. 16 1876 30.6 4.84 
LG) gare 38 28 33 0 | Partly cloudy...) 81 1877 24.5 5.60 
Cee ees 28 14 21 OPO2sIs Cisiidvesncteee 1 1878 40.9 3.12 
TORR tsct 22 9 16 OneClondystee. . aon | 82 1879 33.2 1.57 
| 1880 35.5 1.70 
GR oer 30 if 18 OM @lond yan. co cicn 62 1881 | 30.3 2.66 
ie tao 21 3 12 Onm@leare se fis 4. 100 1882 | 36.0 3.58 
ESR a ys cae 30 12 21 OniCloudye.,-—-.4 8 1883 24.9 0.71 
1 eee 32 16 24 ON R@lesre es eee 100 1884 29.9 3.67 
20.. 32 17 24 0:09"), ‘Cloudy:.: 2.5.2. 6 1885 Zee 0.58 
1886 31.3 2.63 
PAM tach siti 42 29 36 ON Zari C loudye see cies 52 1887 28.3 1.78 
een tes 32 5 18 0-40" Clondya2-..-.. 66 1888 27.0 1.88 
Dette tec 31 —4 14 Onin @learta a oe 100 1889 37.6 1.22 
7 Se 45 19 32 0.01 | Cloudy......... 69 1890 28.2 1.54 
Marae ce 67 36 52 0 | Partly cloudy 78 1891 29.3 2.41 
1892 29.9 1.31 
PX eee 46 36 41 Okos) |R@londyeaasaenee 0 1893 28.2 2.82 
eae a ater 36 33 34 0.88 | Cloudy......... 0 1894 40.1 1.25 
DBE ee ck. I's 38 33 36 02037" Cloudys>s.40-6 0 1895 ar her3 0.27 
OAS) sae 49 34 42 0 | Partly cloudy... 73 1896 28.7 1.31 
AU Berenice totes 58 31 44 0 | Partly cloudy... 68 1897 33.0 2.08 
Bi le eae 60 28 44 0 | Partly cloudy... 42 1898 37.0 3.59 
1899 26.3 3.30 
MEATO hiphen tale MpPeratureaecarsa ac cccce via cakes aco oeoaisince Mid dnote ise we ae 35.5 1900 23.6 1.88 
WennMow en pe MPCEA CUTE Se sere cle lein ered otas aOSeea ee Oe HeIE eee nauine 17.0 1901 31.1 2.94 
Meanitemperatitre fOr MONG cs .:6 ataw-s o trelere sitiaiereie awionticwiones oaeeeea wee ayes 26.2 1902 38.0 3.16 
Micra lbOree pied MONGOL INONGS ero, ae caieiie set Asia s Adele eo ee seen ee ota cote 3.09 1903 41.0 1.25 
1904 30.2 3.45 
WEATHER 1905 35.4 3.15 
1906 26.2 1.86 
INCIMETAA VEL CIEAL Gaya eceis aie oie araiciclorcicletaarcecie sated ozebohatera orale aioe races hoe ele 4 1907 38.6 2.84 
Partivielondy pc scciec ct cae t aes unne Sons eee ee ies tate anadee eer 9 1908 34.8 2.19 
(OSes ie eon fee Br CeCe ACEO DHE ORIEETy ERE Hn eee Dinners Hear pater 18 1909 29.9 0.90 
Wath O:OLior more!of preciyiia Ome .\.,.ise cece acieinc cle clvcicrsicieisiarisiere clade vioehes 18 1910 44.0 0.40 
, 1911 32.7 1.21 
SUNSHINE 1912 22.4 1.92 
1913 31.0 3.76 
Numiberthours sunshine croc « <s.se1's in suia'e aD aane cate Orie o cretdinreneaed oR AS 199.7 1914 31.1 1.52 
Porsibleyhotirs prnshine fits 2. cc «= stereo oie’ e vio eM eereaia eeu nedurene ot eawonte 370.5 1915 . 80.1 0.78 
Percentage of possible.............. ais ee eS Sad BS SA Oa Neon aes baaee Bees 54 1916 26.2 3.09 


PrecirITaTIon (in inches)—Total amount, 3.09; normal, 2.26; excess or deficiency this month, +-0.83; since January Ist, 
+-0.45; greatest amount in any 24 hour period, 1.33, on 26th and 27th; total snowfall, 19.3 inches. : : : 
Winp—FPrevailing direction, northeast; total movement, 5,908 miles; average hourly velocity, 7.9 miles; maximum velocity, 


31, from the northwest, on 9th. 


Daras or—Auroras, 8; dense fog, 26, 29, 30, 31; hail, 0; sleet, 24; thunderstorms, 6, 9; halos: solar, 2, 3, 4, 5, 13, 16, 21, 31. 


DEWEY A. SEELEY, 
Local Forecaster. 


(Frosts not recorded.) 


‘ 
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STATE BOARD OF AGRICULTURE. 


Date. 


Mean highest temperature 


Mean temperature for month 
Total precipitation for month 


Highest. 


Number days clear... 
Partly cloudy...... 


With 0.01 or more of precipitation 


Number hours sunshine 


This month since 1863. 


Temperature. | 
eed Percent- 
Preupi Character of age of 
saheet day. possible 
Lowest. Mean. sunshine. Year. 
32 41 0.31 | Partly cloudy... 32 1863 
28 40 OUIR@ learaee ae ata 99 1864 
29 40 Ont e@lear tanned 100 1865 
34 42 0 | Partly cloudy... 71 1866 
29 40 0.08 | Partly cloudy... 78 1867 
1868 
27 34 0.01 | Partiy cioudy... 75 1869 
23 34 0 | Partly cloudy... 80 1870 
27 32 0 lOWd yz cenit 11 1871 
27 36 On N@learsaetee eee 100 1872 
24 40 MOE. CBee otsne 98 1873 
1874 
39 51 0.10 | Partly cloudy... 61 1875 
38 46 OneCloudyaeseusses 16 1876 
43 59 OFS aC loudyen een see 41 1877 
35 44 0.01 | Partly cloudy... 50 1878 
30 46 Out learse Se 84 1879 
1880 
42 56 0.13 | Partly cloudy... 37 1881 
38 45 0} |BCloudyieeace 17 1882 
35 50 0 | Partly cloudy 100 1883 
42 48 0.44 HOU Yimeere ire <i 15 1884 
44 61 0/05) Cloudys.2..5..- 57 1885 
1886 
43 50 O#03))|(Cloudyaaneaes-) 13 1887 
38 40 0.10 | Cloudy 0 1888 
38 42 0.01 | Cloudy......... 0 1889 
39 46 OF06)|\"Cloudyeeenec ce. 22 1890 
41 44 0.04 | Cloudy......... 10 1891 
1892 
41 47 OX02Z8|| (Cloudyseencee.. 13 1893 
40 50 O} | h@learteeeciast 81 1894 
35 50 On @lear cate ees 97 1895 
43 56 OniClear steve 96 1896 
46 58 0.10 | Cloudy 39 1897 
FE OCIA | IRR reel een ae Sa oho in-o tell ib oma pS Doge 1898 
— 1899 
SN AOE as COO COCO HE Rae SI OO ane Geo Ga An 55.7 1900 
IMéamiloweststeMPperauure sy. aivcrsctee cichaval-tsy sisi esaye crcrarsva ahora va ete cicero a aoe tere avchoretots 35.7 1901 
2 aimaete) eve’elayersvena ore Shale oars) aioe ovary ests cord wibterovaret oti eta 45.7 1902 
Sua real anaes Sis caveanansre sts late wOOYST Galo alst eis Lavine or cenatetae Ie pete 1.91 1903 
1904 
WEATHER 1905 
1906 
Bistrot sin ana ose s [evel Sestavevle perabecnverarcin ere baleleretovencteceoareleee lee eratereieke 8 1907 
Yabafaro fates caves tenexercrayel esa asdoevbsalel nett torent abetaa ep Ncnenen te ete lenses ings 9 1908 
CNG acer aie corey or ears ta cezera ovate rec torantictetezauseate a foleyolstarstererameacere evens enerenal ote r the ae 13 1909 
Erineraiei aha ane cchars ret enesrars etaia sna eis ait seerene eee terete 16 1910 
1911 
SUNSHINE 1912 
1913 
skastado pete eitva itor G¥ai Soacetotel stove evs Lateiapavetars hc tateiaveiehcved orale ae eyaeele ccs 212.9 1914 
Possible WOursiSUMSHINe> ore restos ctckeyave, eistatevararoterscs cohen alererarcias ra eatarerore atelersisicleceioks > 402.5 1915 |{ 
a avarceole coe alco duatnelavelaieralasnalavecare eee inca acaeuoce uses feutate rae eceremaioe 53 1916 


Percentage of possible 


Mean 


Total 
precipita- 
tion. 


ME NWWNWIUNWNNE ORE NNENNNON SNE WON EOP NE EE ENR ORD OR WRN N WRI Rte 
15 Oto me OOO RO ION HINO NO ONNWOH SOR SODNSON UNH SOAWN OOH OM PO 
SSSSSrIsSSnCRSSSISSNE RIG SSRRSSTSSARSRVERSEREIRSLENSSSNS 


BarometeR—Mean, 29.95 inches; highest, 30.26 inches, on 6th; lowest, 29.52 inches, on 21st. 
TEMPERA TURE—Highest, 78°, on 20th; lowest, 23°, on 7th; greatest daily range, 34°, on 20th; least daily range, 5°, on 22d; 
normal for month, 45.6°; excess or deficiency this month, +-0.1°; accumulated excess or deficiency since January Ist, —111°; 
average daily, same period, —0.9°; highest in 31 years, 86°; lowest, 10°. 
PrecipitaTIon (in inches)—Total amount, 1.91; normal, 2.54; excess or deficiency this month, —0.63; since January Ist, 
—0.18; greatest amount in any 24 hour period, 0.48, on 13th and 14th; total snowfall, 0.2 inches. 


Winp—Prevailing direction, northwest; total movement, 5,783 miles; average hourly velocity, 


30, from the northwest, on 14th. 


Dates or—Auroras, 27, 28; dense fog, 0; sleet, 0; thunderstorms, 11, 12, 13,14, 16, 19; halos: solar, 3, 7, 13, 15, 18; lunar, 18; 
Frost: killing, 15; (Frosts recorded after April 15th.) 


8.0 miles; maximum velocity, 


DEWEY A. SEELEY, 
Local Forecaster. 


METEOROLOGICAL OBSERVATIONS. 239 
Monthly Meteorological Summary, Lansing, Michigan, May, 1916. 
Temperature. | This month since 1864. 
+s Percent- | 
| Precipita- Character of age of | ; 
Date. | tion, in d ibl 
| inches. Bye et oe | Mean Total 
Highest. | Lowest. Mean. | Ee Year. tempera- | precipita- 
| | | ture. tion. 

DF Sectatorss 59 40 50 | OR26 Cloudy.22 seas 0 TSGS ip Mot acdevaciee | tsereecoaoe 
Decree ats §2 37 44 ORC lowers 12 1864 60.2 2.87 
Sy ate 54 41 48 QU280 | Cloudysecnceer 4 1865 | 57.6 lacie 
Ae ere 63 37 50 0 | Partly cloudy... 83 1866 55.0 3.48 
SP aeencees 71 48 60 0 | Partly cloudy... 94 1867 61.1 3.80 
1868 59.1 2.80 
(ears 69 48 58 059s Cloudyzcc. oer 5 1869 56.0 2.05 
Le ar eercme 72 49 60 Obs @learteyes seen 100 1870 64.3 1.16 
Sit an sae 67 53. | 60 OF03m Clear ee ee 85 1871 | 61.4 1,97 
De rere sces 65 40 52 Oui Clearieeeeyseer 100 | 1872 | 58.5 3.72 
Oyen scsieys 74 50 62 OL50R Cloudyeceeue = 28 | 1873 56.9 3.05 
| 1874 59.6 1.77 
1h ee pee 61 43 52 OlnClears ee pe 100 1875 60.8 4.46 
NW isereltersss 59 36 48 Oni@loudyveese seine 71 1876 58.0 4.13 
Poe cre ta 64 41 52 O12 F @loudyensseaces Ut) 1877 58.2 2.23 
WA Rees eae 61 46 54 OFSIS @loudyiw.... o 25 1878 54.6. 3.44 
li ano oer 72 59 66 1033) iCloudye.s...- «.- 74 1879 58.8 2.45 
1880 64.3 5.59 
Gi. 02s Sere 60 42 51 OUOME MC loudya-nes css 39 1881 65.2 Pt 
Agee ees = 46 40 43 Ome @loudyeeaesces 19 1882 yaa 4.04 
Stents ce 55 39 47 OR0U Cloudyassee-ne 61 1883 52.8 5.66 
NOM rece 57 40 48 0.03 | Partly cloudy... 68 1884 56.9 3.95 
DER eat ee 64 35 50 0 | Partly cloudy... 100 1885 55.8 2.30 
| 1886 58.1 2.67 
60 42 51 OROIS |Cloudyscee oe 54 1887 64.3 2.42 
66 52 59 0345) Cloudy,2.-22.-- | 11 1888 bBatl 3.66 
79 52 66 Onl) Glearcge ee eee 96 1889 57.4 3.6L 
80 50 |: 65 0 | Partly cloudy... 93 1890 Dont 4.98 
81 58 70 0 | Partly cloudy... 100 1891 55.7 1.63 
1892 54.5 5.92 
DOW ee 80 57 68 Oya ei @lesin: Sterserrsiceae 99 1893 54.4 2.86 
Po a eee 83 60 72 0.06 | Partly cloudy... 57 1894 56.9 4.83 
ae eas ors 80 54 67 0 | Partly cloudy... 99 1895 61.8 2.06 
DOr teas 74 oie 66 1,04. | Cloudy: 5.5... 25 1896 66.5 3.14 
SOs aoe 72 49 60 0.01 | Partly cloudy... 92 1897 55.8 3.29 
TL ae are 67 44 56 Onl Gleare. sacs 100 1898 56.5 2elD 
1899 58.8 3.59 
IMeankhiphestetemperanune satis schsss scscott Sats ajecoyaue, wo eres: craceeas epausistenearenercbeyenene eres 66.7 1900 58.8 4.17 
Micamilowes titel Pera ven’ teteye nih carey yes Aianc meni are crarticre che svatcr abn touesireeat ioe oy aes teres 46.4 1901 55.2 2.42 
IMeanitemperatined Or MODs -ieeyaeics oases seiciae esteierseee = eS Ree A eh 56.6 1902 58.4 4.92 
Mota lsprecipleatlonl OrsMONtUsepia deme ei te cee tate a eee ate Saad oe ab} 1903 59.5 2.63 
1904 57.4 2.40 
WEATHER 1905 56.7 ba N/ 
1906 56.6 3.05 
Number days lear Wasa west vciar erert ats doen oie tne mre ine ternal esas reevere 7 1907 61.2 DROP 
Part Lyacloud varcccicra werk fo etree arene inte ot etoile nathan nea ecramnce 9 1908 59.6 5.59 
(Chie WASe 2 SBe ae BaD oo dade Bred Bataan onic Dace UME G bane ansnnte moe Units 15 1909 55.8 2.44 
Wath 0'Olsormore of precipitatlotes sansce cries laa tuteetan eens osminniereers 16 1910 51.5 4.13 
1911 63.5 2.67 
SUNSHINE 1912 57.6 6.57 
1913 56.2 2.22 
Nambershours Sunshine raresce ae aethos ples eee e as em iets ore Peiean eeraese 289.7 1914 58.6 4.66 
Ross ible hours alnshine eke cnt hn Reise ero mice oe eee anne eoas 454.7 1915 515 2.74 
Percentace ompossi Dex cmeict. on cd teictere erate retee ar erpere ete aa areieremip tater ai 64 1916 56.6 fy, 1b 


BaroMETER—Mean, 29.90 inches; highest, 30.36 inches, on 13th; lowest, 29.38 inches, on 10th. 
TemMPERATURE—Highest, 83°, on. 27th; lowest, 35°, on 20th; greatest daily range, 30°, on 24th; least daily range, 6°, on 17th; 
normal for month, 57.1°; excess or deficiency this month, —0.5°; accumulated excess or deficiency since January Ist, — 125°; 
average daily, same period, —0.8°; highest in 31 years, 95°; lowest, 17°. : 
PRECIPITATION (in inches)—Total amount, 5.13; normal, 3.58; excess or deficiency this month, +-1.55; since January Ist, 
+1.37; greatest amount in any 24 hour period, 1.80, on 14th and 15th; total snowfall, 0.0 inches. 
Wind—Prevailing direction, southwest; total movement, 5,132 miles; average hourly velocity, 6.9 miles; maximum velocity, 
28, from the northwest, on 11th. 
Datrs or—Auroras, 0; dense fog, 0; sleet, 0; thunderstorms, 6, 8, 10, 14, 15, 27, 29; halos: solar, 12, 13, 14, 21, 24, 25, 28; 
lunar, 9, 15; frost: killing, 0; heavy, 0; light, 4, 19, 20. 


DEWEY A. SEELEY, 
Local Forecaster, 


STATE BOARD OF AGRICULTURE. 


Monthly Meteorological Summary, Lansing, Michigan, June, 1916. 


Temperature. This month since 1864. 
sat Percent- 
——  — Precip ita- 
Date. tion, in Charts of ote 
: inches. y: eae Mean Total 
Highest. | Lowest. Mean. ; Year. tempera- | precipita- 
ture. tion. 
Leak 73 43 58 0 | Partly cloudy... 80 1868) |. cd:eeerioretelleeete ovebiae 
VB ANG 74 55 64 0.13 | Partly cloudy... 69 1864 67.6 3.88 
De osk aes 68 49 58 Clear brenn ets 84 1865 70.8 3.55 
Me sernicie 73 49 61 0.01 | Partly cloudy... 61 1866 66.6 5.37 
RP 3 See 71 48 60 0 | Partly cloudy... 96 1867 71.6 2.83 
1868 68.5 3.65 
OF seco. 69 50 60 O14 sltCloudyancsmes sic 57 1869 64.4 4.40 
Y Fens 58 51 54 0.61 | Cloudy......... 3 1870 70.9 7.27 
Baa sagas 61 52 56 0229) 8 Cloudyae oso. 18 1871 68.2 |= 2.93 
OM Nain 63 53 58 OPZOn RC loudyarseeces 29 1872 71.8 3.45 
LO ses 67 » 49 58 0} Cloudyee2 26. 0. 53 1873 70.6 2.96 
1874 70.6 5.07 
1b arse 74 50 62 0 | Partly cloudy... 73 1875 66.6 1.84 
1b eae eee an 76 50 63 0 | Partly cloudy... 100 1876 68.1 4.34 
MO aietose acs 81 52 66 On Clear is. .cemaces 89 1877 65.9 3.53 
LA ote eee: 69 57 63 0.38 | Cloudy......... 24 1878 64.1 3.15 
penser 76 55 66 0.25 | Partly cloudy... 77 1879 66.0 2.87 
1880 67.6 5.04 
Gace. 69 54 62 0.50 | Cloudy......... 66 1881 64.3 4.37 
IV Ba SONBe 66 54 60 0.30 | Partly cloudy... 68 1882 66.5 15.57 
ABM Sek 70 52 61 0.12 | Partly cloudy... 63 1883 65.9 1.35 
MO sccsile 67 44 56 0 | Partly cloudy... 60 1884 68.9 2.83 
DO cee nets 68 41 54 0.01 | Partly cloudy... 83 1885 64.7 6.01 
1886 65.7 1.92 
74 ye Beaaee 63 49 56 OMSe Rh Cloudyaeearnmee 61 1887 68.5 2.47 
eee N oeiccee 74 49 62 0 | Partly cloudy... 88 1888 67.9 2.51 
ao ahter che ciel 78 53 66 0.43 | Partly cloudy... 62 1889 62.8 3.42 
BAS ccsk 75 61 68 0.06 | Partly cloudy... 73 1890 70.3 3.92 
YAR acer rer ‘ 76 54 65 On| N@léare eee. 100 1891 67.4 2.55 
1892 67.7 4.33 
2G Fre eniesis 80 53 66 0.25" "Cloudyee.cenee 61 1893 66.6 4.85 
Butea amen 68 51 60 0 | Partly cloudy 50 1894 71.4 1.30 
WBneciceces 77 48 62 Ot @learsse see 100 1895 71.4 1.01 
BD oicseacets 79 56 68 0435| (Cloudyssen sons 82 1896 69.9 2.60 
SO eeers 78 58 68 1.15 | Partly cloudy 60 1897 64.2 2.57 
ON iascacaciavelld Sige e wiaralevel lieve rSropucnlscreschl ovale lejelose aie tell ale etolstore e teiell edetetelafesevevs sielersleletall ere eusiezarstetols 1898 67.6 4.91 
—_  -  — -— 1899 68.2 1.15 
Mean highest temperatures sc soyers «sce wce's s/ainere aie vieteiniare nieinicioseieretea alee h etevatevele 71.4 1900 65.2 2.57 
Mean dowest temperatures: cea «ctcicterer crceroreue sueieiere-e cista aislvsel ute dederecoltreis ele oieioiaterene DL) 1901 68.0 3.57 
Meanstamperature for monthly sir-istecisnrpisiaieieieisieobieyeisnetont anieeiyeieleefsie otis 61.4 1902 61.8 7.28 
otal precipitavion fOr MONCH. c\eiai-v erelaroie ciate alors me iviele eles ehemisiaitee ate sigh ieee ieee 5.39 1903! |..5 cacti 6.28 
1904 65.6 2.49 
WEATHER 1905 66.2 7.47 
1906 67.1 4.61 
NumberGays Clear ss. d:c5 cc ose ia sacele'ealars aiare.viase ares sie cle tsluce cial arco trie eles ettenete 4 1907 65.0 2.37 
PartlyzGloud yee ac crcisoniewwis cic.cclechaeracisitoeions Oise Caen oa shen cee 16 1908 70.0 1.23 
Glotd yy estes omicsaenicestele Riaialelaielesarsjpieceiece eters aie orotainie(overn a roteittetotersce alerted 10 1909 66.7 2.86 
With 0.01 or more of precipitation................0cceeeeeeee 9 5 ERR sVorsie 18 1910 64.9 1.95 
1911 68.0 3.77 
SUNSHINE 1912 63.1 0.97 
: 1913 67.6 1.01 
WNumiber hours {sunshine ics % re: c:s01e 3/5 </0,0 0's olotaletore fol avslolateisis’eretetetelavers ele ieiaisteelatess 304.6 1914 66.0 4.11 
Possible; hoursisunshine:cteretctie cis oe sc faeioe ison sleleinrenin erokoteo wie aisterolote crereltonie 459.4 1915 61.0 3.96 
Percentage of possible; s 2. esis slave are aie o tte erelolste nie plenterae winter mrereiaie, sleieeiea ts 66 1916 61.4 5.39 


BarRoMETER—Mean, 29.87 inches; bghee 30.34 inches, on 22d; lowest, 29.39 inches, on 7th. 

TrMPpRaTURE—Highest, 81°, on 13th; lowest, 41°, on 20th; greatest daily range, 30° on Ist; least daily range, 7°, on 7th; 
normal for month, 61.4°; excess or deficiency this month, —5.8°; accumulated excess or deficiency since January Ist, — 299°; 
average daily, same period, —1.1°; highest in 31 years, 99°; lowest, 34°. 

PRECIPITATION (in inches)—Total amount, 5.39; normal, 3.40; excess or deficiency this month, +1.99; since January Ist, 
+3.36; greatest amount in any 24 hour period, 1.58, on 29th and 30th; total snowfall, 0.0 inch. j : ; 

Winp—Prevailing direction, southwest; total movement, 3,818 miles; average hourly velocity, 5.3 miles; maximum velocity, 
21, from the east on 6th. 

Datrs or—Auroras, 0; dense fog, 0; hail, 0; sleet, 0; thunderstorms, 2, 4, 8, 14, 15, 16, 17, 23, 26, 29; halos: solar, 6, 15, 29; 
lunar, 14, frost: killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Loca] Forecaster, 


TWENTY-NINTH ANNUAL REPORT 


OF THE 


EXPERIMENT STATION 


OF THE 


Michigan Agricultural College 


UNDER THE HATCH AND ADAMS ACTS 
FOR THE 


YEAR ENDING JUNE 30, 1916 


For members and organization of the State Board of Agriculture in charge of the Station 
and list of officers, see page 15 of this volume. 
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REPORT OF SECRETARY AND TREASURER. 


The following shows the receipts and disbursements of the Experiment 
Station for the year ending June 30, 1916: | 


Dr: Cr; 
July A LG Ieee OG Wa LAIN COs tctersrsec < lascicets ta oma tgeilegarate eeu heeovrelieuieiis Pe Manrers Pegs tepis $2,139 81 
Aug. 11, 1915. NECELVCORENOMMS Wier on eA SUD yee cua srate yar et erreyelisiay rene eitera 7,500 00 
Octo lo Ol: MECELY CU MTOM Un Sa LLEGASULYi. ow cite cmlonenerenel cece lanemnn 7,500 00 
Jane Lo LOG: INS Cereb agHovool Ul tou Mus IUUAYE 5 Geran Nea oC oc moo dae 7,500 00 
April 6, 1916. TECEIVEGEITOM EU oa teas yewneets eee eus ies peeks cieeie 7,500 00 
June 30, 1916. license fees, 292 brands commercial fertilizers........ 5,840 00 
license fees, 435 brands commercial feeding stuffs..... 8,700 00 
farmrandlmiscellaneousmecelptse. ss. os tease ee cu on 626 82 
from State appropriation, South Haven Experiment 
SHH HC0] (ARR mani ene erence sett ctr erm nts Grirtros or 2,000 00 
from State appropriation, U. P. Experiment Station... 9,850 00 
from South Haven Experiment Station, receipts...... 233 02 
from U. P. Experiment Station, receipts............. 3,712 10 
apportioned fron 1-5 miilltumd ss. 22: sae ee ees 15,555 00 
By disbursements as per vouchers filed in the office of 

the State vAiMditor Genenailis cess here Seer eee intteme Leveteteiclia avs $71,672 44 

Dalam cetomriamd enc, Sec cadens sent ens orn ceonereenerane erstoe aoe eterno ceonemen cite 6,984 31 

PDS tie Gee ees cere atch gare eM ce reap a arohe tae a baton ev phoma aera teke daa perste vane raeataste taltacel'eto ene $78,656 75 $78,656 75 


Fifty thousand regular bulletins No. 275; seven thousand special bulletions No. 74; seven thousand 
special bulletins No. 75; fifteen thousand special bulletins No. 76; twelve thousand special bulletins 
No. 77; fifteen thousand special bulletins No. 78; eight thousand special bulletins No. 79; fifty 
thousand circulars No. 28; twenty-two thousand five hundred circulars No.-29; five thousand cir- 
culars No. 30; five thousand technical bulletins No. 25; five thousand technical bulletins No. 26; five 
thousand technical bulletins No. 27; and one thousand press bulletins No. 42; one thousand press 
bulletins No. 43; seven hundred fifty press bulletins No. 44; seven hundred fifty press bulletins No. 
45: seven hundred fifty press bulletins No. 46; seven hundred fifty press bulletins No. 47; one thou- 
sand press bulletins No. 48; and one thousand press bulletins No. 49 have been issued by the Ex- 
periment Station during the fiscal year. 


DISBURSEMENTS ON ACCOUNT OF U. S. APPROPRIATIONS. 


Hatch fund. | Adams fund. 

Salaries: 

Director and other administrative officers. ............ccsererrevces $2 0205005 errctire srereae ces 

SCLOMPUG SPAM cee nascses es ovis Feauae ele retentive tens Privcorausuey aieoatoLa soe neP ONO tere toner 2,616 00 $867 40 

INSSISE ANT SSO SCIOMPIIG SbALL. «1.552 «4 acs evans ure tieeeomeh ont Soy emateae coer) ate 4,840 90 9,226 40 
Labor: 

Annualvand monthly; enaplOyees!s 0.0 i's sc = abel se alii. cea vhclieas Peis earn 655 57 800 00 

Balance by week, day and hour as needed.................000e000- 793 54 1,264 38 
Publications: 

Ofberexpenses! (Copper Nalf-tOnes). 4.2m cac seis ai c rs siete arene elels se NOAA fe Sota eo Coon 
Postage and stationery: 

JRO TIEY Ego aoe Be a eee SOE Gk iemice iio occa eo abd p Oo oe 35 86 1 96 

SUALTO eS WZ Bac er PPR RI eat soiree oe o caciticin «tu. ano Dow cme ke 50 81 84 7/83 

Lelecraphiand telephone),.... <s. s/c sc esos) oeTaterd ie rorsnet vere reiststeynies 6 she syeneye DALES || ties sport = A 


944 STATE BOARD OF AGRICULTURE. 
DISBURSEMENTS ON ACCOUNT OF JU. S. APPROPRIATIONS—Continued. 
if 
Hatch fund. | Adams fund. 
Preight ‘and Cxpresstyo. <5., cies es eae i cea eal ML Teo CRTC oes eT eT $44 70 $0 69 
Heat, light, water and power: 
Hea ties ee Ss ees eo oh aie Se een Rene Rn etna ne et aan 200: LS |i4nc.c eee 
Chemicals and laboratory supplies: 
GHOMUIC ATS aire ro ccers cinne hiciceay nate fic.w SION e eas TORUS TLE Speer Ses TESS er neh 246 39 | 211 80 
OPMEr' SUPPLIES a aiers so cherte Neotel cls ere ocstet a ete, Nase cov ete bare Wattiotas sae Re 78 83 481 67 
Seeds, plants and sundry supplies: 
i Asi) CDNA 6) neers pn Sines SEMA Oe rord 3c onto ders aba aon) fe. ONSET 226 37 4 31 
Horticultural... BSL! OOM ot eee 
Botanicals .5 2... 124 93 38 24 
Entomological. .... 18 (037)|\. casa penne 
Bacteriological........... 4 00 22 76 
Chemicals es cisihic re enicte vin ecm soe cacao ersieye meee 25 78 14 94 
SS ORIG Sastic copier etre Seen ranre arlene Perevo owen Wale fo horld nether sca otic ene gatas hs Ben ORY exe keette 48 15 11 15 
ROREUIZ ETS ens eee eee ecw Die atlele canes atte Saat ate eitlie is tseete eae ay eee Sere ei LLZ< 707 \snvecte eee 
HGCUINE SENS: Sayace ety foes oreo ena oe he ae A Re ce ee cee 57 75 | 299 76 
Library: 
Oneicopy American Journalot Physiolopyien..acc cnt ie ecl- ole wire re LO) OO isis exceenete eee 
One set Catalopie Caras ici. ote eee denote ee ee eas Pet ope citrate age sen creaeasee SO"G4N i chy eee 
One year subscription Chemisches Centralblatt..................... 20) OO. |\s once 
One year subscription sylloge Fungorium..................+0.eee ees 25 00 | 
One ‘year subscription Centralblatty onor oe eo ec @ eo eens ele stewie et 5 50 | 
1DETEl soe OTHE p Naso O Hs bites chore Henn Go aicoln Chan Ce Hea NUS Ob tid 6.0. cu wor 24 00 | 
One set) Zeitschnittpuys: (CHEMIE Hee us oe ais oceetersie te ncder-sanakskar ateNeslenee ate 41 80 | 
(Gy aVs(elo} ony led curs) t0) Loy=a Peles ch eeece na CEAr OO DO Sto iciet at oes 9 Ooo Uae llrota ric dro-t.ac 5 03 
One copy; Mionorraimia Uredimeari ul. occ cis eye steke pepstedchenel ose lies eeke ret linet fled eens ode 7 60 
Onercopy;Jlvor Indvand rine Chenier ener neeesnise Ey heart seeete 1260) ol crcstray eee 
One: Copywls of Soe, OluC hem mIinaisirye mn cen reite era reeaern tats 9" 50: |||; chasteneeoreiencene 
One copy Jl. of Royal Microscope Society..........-...-.++++-+s+5- 9' 00? ||. w.e essere 
Onecopyd1) Of Hconomiy_B1Olo mye oes oir econ eee cere raters 5) 25: |,.:0 hye 
One cop ysd OLE xp WNLEGICINC eho eye ret iets esorcneree gees ewe tae nanett= 91°30) ile ere 
OnesetBiochemische Zeltschriftig tn. ce eer oe ise eis eae nek 6: 72) es ee 
@ne‘copyiChemmEathologyc omar cioe ou icles cme crn eaten aren oteeelicer Ie) cheater ot eacaieett 3 07 
One copy HrnahrunesphysiolopisCles | eye sera cysts sae ans ees teiiens ele deael st oe) oes elated ene | 3 60 
@PHELAMUELCHASES ey eee ce etsrs cee ie) career eee eeu nename ake etre soriegetednotarenewn eee 228 17 | 8 37 
Tools, machinery and appliances: 
ING nd AS Ss)5 5 bya bigs pooooo dome ucceD Mos aoGRmD eS sD e on oo ome 459 60 59 25 
EX S) of i Dee eee ee ems me PNAr nana SE ar oti ath COMIN a Our ord dao Sloenaan ole M60 o 39.01). | cee 
Items of principal purchase: Hatch. Adams 
One 22 x 31 Farquhar Separator........ Polo OStsy ee ewe cai 
ADORE LV OATIS severe wersreus ieeaieiicasier. eae ake TOE GCGr oe oe molec tetonte 
One No.6 brass PUMPS see esie le toretanans A OS See tsvsstse hei scareex 
One folding tower sprayer.............. OAS ee eaienehs ite ue 
One pressure regulator, compl.......... LOROO! Se rcacctcssterete 
OnerNoNSOGiSCALS cor ssc abo whens diate dios sys) ster rhs) yohepiedoee $11 37 
Onewmressure:CoOkKer. 7 20 4 oo. « curavers tari cscheror esate vegans 18 75 
Furniture and fixtures: 
One Remington ity PewLiters tse cteysvor hoes er versa na emt k tienen esa tp ketone felts 70.00) ::\4. 3 Geena 
ONE PY PCWHILEL sychete crneione scsrenicinte Me reece anaeerel tel pean ence iones tele ieyreksig 3500) |'n2. dee eee 
One Ge OF MM ulllomeeideske< hehe cs, te «teem ees oust enedeye cleus eanetoneliarsuetatt V7 00, csc eens 
ONG Oale CASES ee sal ele hala 8 later atime nue Fie tattah seal Se Cee adie elie weeds bae selec 50 (67: ||... soeemennae 
One) Smith=Premier fyMewsvel nc cc rene eer ree penitent ieke ereeeenaatens 710 °00% |) rae 
ONEOMICE MES ce stc hace eet hee oh ee Te TIE ISS can aves Tae Se Seema ain 28:00 4) tects ne ee 
Mhreelcabinets and Wi degen ag aS. cicteyate oh hice cucyevs chew ele eatepatoktaeie ve ea enetletekehs |leae Pelion tenes 13 74 
One oMceidesk re Teac chien ORE Oe CNR ine cra ee he meer re 1200"? Sacer 
FD WON GOS (CH AIT oF bias crests ta te. tu es re ane salto dete a tanle gore soles estlare cetieuectet sae anor 1406"). ee eee 
GME PUTCHASES ed eras Eesti ite te loys To Rely emt tetae Be Sete Nea eters Nelpoae 25 29 St (53 
Scientific apparatus and specimens: 
Hots chemical, Thermometers’ «oer. ee ate dare Sienna tereiase pele keine 9 OT erent 
wo chemical*thermometers ce-cos ane oe terres need hel creer kemennenenee hemes G)'B88) |. Sa creas escemte 
DHITLYLeeZINE Point, TUDES sei lrts cntie ce ccatonn) neeome te meee cent scar rarer pel herensans 23: 10. sie 
Six electrolytic: Cells isi. ...5 2 he ce SaNeree nee Some eie ease iate ereie ae, elton toes ofc Reps tenga 43 10 
One Pressure COOKER, 5.5 vcs loin tae. are ala tere let teta caites tas he folate be ceure fasta Nese wl ehh ete beac |e ontoNolfelsh airettameene 14 25 
One‘animeal board NOs: SLES! ...5 eco ecete- wate ane peice eceitettsl ne Nera oN mre) eee | eliestepetenetanokeamsny ae 35 00 
One distilling Apparat.) 5. «ie cs.cie eso losuereiesale ela renelieltore. e corte in tenalete teyouoyfelcel| tele aateneNedeieeners 75 00 
One: chemical nicroscOpe ss iar crac vcevs wa oa fodonetoteraswie sree! alta has Soelemerals olotayottaal | (eitere etalon ve kanetnte 90 58 
One umillks sediment CSStSL 57s: loci tas oivi's to ore aiatetereredslatafelateletelielfeloo olor oleretsteter \sVeleKonoke peetereee 10 10 
One condenser..... Pelee thelnie lous tase revshoslenais ledee dave eoeievenenstoees Fone ACCC O : alo CO000 08 23 12 
Five 10 in. animal jars................ 4 aie os heje Tobie eretete lola aboinnietexell CkaterekeKeleNeketorsis 19 00 
Two Beckman thermometers............ Boeeanie sie ayal's ove ao We ane euiedeverelal|in ohereinnevelsie eloKe 24 00 
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HXPERIMENT STATION REPORTS. 


DISBURSEMENTS ON ACCOUNT OF U.S. APPROPRIATIONS.— Concluded. 


Hatch fund. 


Adams fund. 


Scientific apparatus and specimens.—Con: 
Two dozen Ammonia Abs. tubes 


a atsica abe ode uahie roar bravanecaeaieMonen a ekeltomt haken creemeare evomen tener. teikcreys $37 80 
ONTEELSCKIN A Mab ENN TOUMCCET ss 6: 20 eco ich stale: Seatle eo sete eae ee eee OTe aes oe ote er. 28 00 
WiUNSTEARIOLIMEL ER se evenate re site osseous. aisle aie ave calace, a) = gee Siero ie eres ete ineas PLS OOM |e sree acer 
DT MOLAR IITG HAS CSens sekegare taka, tie sys, 340. Sere’ sides Skahsy Lye oa eae oe ee 5 00 193 12 

Live stock: 

Cattle. ai. . EVENS ADE Web Oil -crLO CORT Dot RCRRCT ORE RE SPR Pa CREWE tion sth ote eek er coal aneiaac © oie Eitan 10 00 
ReRW LOG a cvovinnre dick bine OLCen GG IE SCI Ren Ne St Rea nen arrears See oe 90 90 
side les overmuanveral ple yauhaays} jae sh earn er a ha eet ea Pe aes h eee 182 98 
Traveling expenses: 
MAT DEE VAISLOUNOI Stall OLMWOD sens cr. fa haze otayereyecarele es, Groagnesda yee ie ose DAS YO shes abs Dothenastices 
Imvconnection with investigations under Adams act..5.2245..025.-.s.cle.scenee. oe 30 59 
For other purposes connected with station work.................... AG4 (93% lee ay reece 
Contingent expenses: 
One year dues, 1915-1916, Association of American Colleges and 
ER MELIIMETIG SLA LIONS seme eitesi shee cee re ss. cueicich acl siatalaale ntaiate eet aio saletae 20) SOO} ees aS eater 

Buildings and land: 

ING wa bull din eae armen repevetet vets taraterenie! escent shel s craven atlese a alone eevecslsyo'e rae 17 81 738 89 
PIO) Let Mieeep voter ey saat ete cur cter oie es tacit erat tare iets ae eachate rer auanei a viele OR as Lard oe $15,000 00 $15,000 00 


DISBURSEMENTS OF EXPERIMENT STATION MONEYS—OTHER THAN RECEIVED 


FROM U.S. TREASURER. 


SLR DI CS Rp chores Nama Ne sho AE ro Sie Ok Stee IRR et SE, ce i cca Sn es one $19,032 46 
TADOTAS 5. hv. ears tes oe 9,186 51 
Publicahionsaesee eee. oe 18 69 
Postage and stationery 446 13 
Eels tyaNGdcexPLess ee eysy ye stele areal. worcen eo Sua ate ia oes 520 05 
Heat, light, water and power 18 25 
Chemicals and laboratory supplies 664 59 
Pecds plants san dessin dryaAsUpples me emer e. mete ys chet ene Sans met sere aaron eee 1,848 27 
JOGA IVS TAs te eee an EN OU een Re eit Riemer ee War ee eek te tern ASG momen this 50 
HEE CITIS RS FIT t open tare le rees forte sea areh ye Raa ee Oe Io Pon oR Coes caries toersionerers 2,847 75 
ISTO coc aghtora id meres ke Meroe OLG STDERR ie rio Rina, eae aha tek oeeas Peete Peg 56 80 
Moos wmMachineryjanG appli anes <, sx love -oyo-cte eer ee Tone ene arate eel he eucis oinle teeta easel eee 895 73 
LOLTin abt eh EH AOI SI GUTS ncaa nib 6 DOGG Su cint Minoan rie lay Alo HiniOmloSiaco a Osc bat ae 166 99 
SClentinicwap paca tuscan despecimMensmeer, cv: joven ae semen otek ey armas © 291 88 
Waly SetShit el eee kt Dieter 8 ty tte a ee A ieee ART tu ce ee Sane ee MC a he Leen ed eae gear 1,960 12 
Poravieline expenses ers pits shbovctt ee Lee Cea eli Cotati ee ie ott ane) « SEO Rasta supheeeel tens 3,055 99 
WONTINESUEEXDENSES <1 < ye Bins < Che oes a nile no eee a a Tao aiekt eee 5 00 
IBOUNGbLOegsMeepO Kl NaVOL Gee Rte a et eae ee Ee Oe Ree re pt aera tee a he ak Ee rec 649 73 
JEEWERT Sg Coes yak on eee os Sone oO HOE ei oe So ony ER HELLO Ome Brae ercioc ohare 6,984 31 

ANG eT ROSE Aart Ses Cok Aah eo GL rence or a eI OREO See RIAN mice mIae ace erccooel $48 ,656 75 
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REPORT OF THE DIRECTOR OF THE EXPERIMENT STATION. 
To President F. S. Kedzie: 

The details of rie work of this Experiment Station are quite fully 
covered in the reports of the various departments and in the official 
publications of the year. No changes have taken place in the personnel of 
the Station Council except in the case of the Horticultural department, 
where Prof. C. P. Halligan took charge in a very satisfactory way dur- 
ing the year while Vice-Director H. J. Eustace was away on a year’s 
leave of absence. - 

The lines of work pursued by the various departments under Adams 
were largely a continuation of work in progress except in a few instan- 
ces where projects were completed and superseded by others. The or- 
ganization of Extension work in the State and the establishment of more 
than a score of county agents has brought to the Experiment Station 
many new demands for assistance, which have been taken care of as far 
as possible from Hatch and State funds. We were fortunate this year 
in receiving larger appropriations from the State, generously granted 
by the Board of Agriculture. 

For this year the various Experiment Station funds were apportioned 
and used as follows, viz.: Hatch fund, salaries $9,476.90, working equip- 
ment and operating expenses $5,523.10; Adams fund, salaries $10,093.80, 
working equipment and operating expenses $4,906.20. The total state 
funds expended during the year amounted to $27,881.53, including $15,- 
555.00 appropriated directly by the State Board of Agriculture, the 
balance of $12,326.53 being derived from license fees and sundry re- 
ceipts. In addition to those sums $9,850.00 was appropriated from cur- 
rent funds of the institution for the maintenance and development of 
the Upper Peninsula Station at Chatham. The total expenditures of 
the Experiment Station for the year, therefore, amounted to $71,672.44. 
These funds do not represent the total support given the Experiment 
Station as the College, with some few exceptions, provides buildings 
for officers and laboratories with both light and heat. 

During the year special equipment was procured through the use of 
state funds for classifying the bulletin mailing list, which has grown 
to enormous proportions and which could not serve the public satis- 
factorily in an economical way. Station publications have been classi- 
fied into ten groups as follows, viz.: 1. ANIMAL HUSBANDRY—Beef 
Cattle, Sheep, Hogs and Horses; 2. DAIRY HUSBANDRY—Dairy 
Cattle, Milk, Butter and Cheese; 3. FIELD CROPS—Grains, Forage 
and Root Crops; 4. HORTICULTURE Small Fruits and 
Vegetables; 5. SOILS; 6.POULTRY; 7%. BEES; 8. FKORESIEY, 
9. PLANT DISEASES; 10. ANIMAL DISEASES. Before placing a 
name on the list the individual is required to indicate which group or 
groups are desired. In addition to subject classification, the following 
regional and special grouping has been made: 
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Michigan (lower peninsula) ...... 36,000 
Michigan (upper peninsula) ...... 950 
Other states: str aes at oe wae 1,800 
lhibraries;. Schools ets .2 7. a4..." 978 
PUTTS Ss ile as Pomc eee em 200 
RG RCIGIT 2), coun; ow aro diane teatro 191 
Extension. workers) 2.05 02.600. 4: 100 
Press: (Michig¢am)gnsectt cae sere oie 543 
Press: (other states), 2ae.25.2< 266% 176 
ORCA lea a ee ee ae 2,800 

etal, —2:24-. ee eee 43,738 


Owing to a lack of funds for publicity during the previous year some 
manuscripts had to be carried over, resulting in a long list of bulletins 
for the year ending June 30th. The list of twenty publications for the 
year include the following, viz.: 


Popular 
275—Fertilizer Analyses. 
Circular 
28—The Bean-Maggot in 1915. 
29—Infectious Abortion in Cattle. 
30—Cucumber Growing. 
Special— 
74—Analyses of Some Materials Sold as Insecticides and Fungi- 
cides. 
75—Durability of Concrete Drain Tile. 
76—Transferring Bees. 
77—The Septoria Leaf Spot Disease of Celery or Celery Blight 
(English and Dutch Editions.) 
78—Christmas Tree Plantations. 
79—Michigan’s Shifting Sands—Their Control and Better Util- 
ization. 
Technical— 
20—Experiments on the Control of the Root-Knot Nematode. 
21—How Contact Insecticides Kill. 
22_Effect of Temperature on some of the most Important Phy- 
sical Processes in Soils. 
A Simplified Apparatus for Measuring the Conductivity of 
Electrolytes. 
24—The Freezing Point Method as a New Means of Measuring the 
Concentration of the Soil Solution Directly in the Soil. 
25—Leaf Spot Disease of Tomato. 
26—Soil Temperature. 
27—The Freezing Point Method as a New Means of Determining 
the Nature of Acidity and Lime Requirements of Soils. 


23 


Press— 
42—The Bean Situation in Michigan. 
43—How to Cure and Store Seed Corn. Corn Selection for Ix- 
hibit Purposes. 
44—-The Seed Corn Situation. 
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15—-Prevention of Celery “Blight.” 

46—Transferring Bees. 

47—Durability of Concrete Drain Tile. 

48—Recommendation for Spraying Grapes. 

49—Sudan Grass. 

In November, 1915, Popular Bulletin No. 267 “Michigan Weeds,” by 

Dr. W. J. Beal, was revised by Dr. I. A. Bessey, and a reprint of 20,000 
copies made. 


On March 15, 1916, Mr. Burton W. Housholder succeeded Mr. R. G. 
Carr as Superintendent of the Upper Peninsula Station at Chatham. 
During the present season Mr. Housholder has made very satisfactory 
progress with the land clearing work, having put quite a large area 
under cultivation for the first time, and also ‘rough burned and seeded 
about 200 acres of recently cut over land. The preparation of a larger 
crop producing area on the Station farm, is necessary for the develop- 
ment of the various phases of live stock production and investigation, 
the basic feature of the development of the agriculture of that region. 
Without an adequate crop producing area the maintenance of large 
herds for experimental purposes is too costly on account of the long 
distance feed stuffs must be transported by rail. 

The building equipment is now complete except for the provision of 
a horse barn and implement shed, which would have been constructed 
during the present year had it not been for the stringency of funds 
caused by the disastrous fire loss of the College. 

The Holstein herd now consists of nine cows, twelve heifers, and two 
bulls of choice breeding. Eight cows have been admitted to the A. R. 
QO. on the basis of official seven-day tests. During the year five young 
bulls were sold at reasonable prices to become herd headers in the 
northern part of the State. 

Other stock comprises 44 Durco Jersey hogs, and a flock of 252 sheep, 
including Rambouillets, Hampshires, and western range stocks. Flocks 
of Barred Plymouth Rocks and White Leghorn chickens are maintained. 
It is the plan now to undertake pedigreed horse breeding at an early 
date. 

During this season the following crops were grown on the Station 
farm in addition to hay and pasture, viz.: 8 acres of barley, 7 acres of 
oats, 8 acres of oats and peas for hay and ensilage, 8 acres of field roots 
and 3 acres of potatoes. Experimental tests were continued with vari- 
ties of oats, wheat, barley, potatoes, alfalfa and soy beans. 

In the near future it has been planned to issue a special bulletin, giv- 
ing detailed data relating to various phases of agriculture in the Upper 
Peninsula which has been procured during the past two and three years. 

Fetes LY submitted, 
R. 8. SHAW, 
Director of Experiment Station. 
Kast Lansing, Mich., June 30, 1916. 
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REPORT OF BACTERIOLOGIST. 


Dean &. S. Shaw: 


Dear Sir—Projects under investigation in this laboratory have not 
changed materially during the past year. The personnel of the lab- 
oratory staff, however, has undergone change and its incompleteness has 
been reflected in the lack of progress in one of our projects a condition 
which bids fair to be remedied in the immediate future. We are carry- 
ing on research under five projects supported by the Adams fund as fol- 
lows: 


la. The effect of diseases in the cow on the milk. 

1b. The keeping qualities of butter. 

2e. Soil solution and its role in the life of soil microbes. 
3a. Swine epidemics. 

3b. Bovine infectious abortion. 


It is proper to state that in addition to the strictly original investiga- 
tions of a more purely scientific nature in connection with the problems 
outlined above there are given consideration under the respective head- 
ings various subsidiary and related phases of a more immediately prac- 
tical or applicable nature. These side lights on the main Adams fund 
projects are supported by the Hatch and State funds allotted to this 
department as is also oe unrelated experimental work as outlined 
below: 


1. Animal diseases. 
a. Chicken diseases, with special reference to white diarrhea 
and roup. 
b. Occasional diseases that come to our notice. 
2. Nodule-forming bacteria. 
». Various fermentations. 
a. Vinegar. 
bz«.Pickles. 
e;. ‘Milk, 
d. Stock foods, grains, silage, ete. 
Dairy sanitation. 
Rural water supplies. 


oe 


The investigations supported by Hatch and State funds are con- 
ducted by the men having charge of the various Adams fund projects, 
except that Miss L. Z. Northrup, Assistant Bacteriologist, and Mr. W. 
L. Kulp, Instructor in Bacteriology have frequently responded to calls 
for assistance in connection with the unrelated examinations that are 
demanded of us. 

Mr. L. H. Cooledge has continued in charge of Adams projects 1a and 
all related problems and investigations. I cannot speak too highly of 
his ability and versatility, of his industry and reliability. I have to aé- 
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knowledge my increasing indebtedness to him for his loyalty and sup- 
port. His report follows: 

One third of my time during the past year has been given to work of 
a popular nature. 

Much time has been taken up by the examination of a large number 
of samples of milk which have been submitted to the laboratory for ex- 
amination, and to correspondence with dairymen along the lines of dairy 
hygiene. 

One third of my time has been given to technical research, (Adams). I 
have continued my studies on the effect of diseases in the cow on the 
milk with special reference to infectious abortion. Facts which have 
developed in the course of this work are embodied in the following 
papers and published articles: 


Studies in Infectious Abortion in Cattle. 

3y Ward Giltner, E. T. Hallman and L. H. Cooledge. 

Presented at the meeting of the American Veterinary Medical Asso- 
ciation. Section on Sanitary Science and Police, Oakland Cali- 
fornia, Sept, 1915. Published in Journal of American Veterinary 
Medical Association, June, 1916. 


The Pathogenic and Antigenic Properties of Bact. Abortus (Bang). 
By Ward Giltner and L. H. Cooledge. 
Presented at the May meeting of the American Association of 
Pathologists and Bacteriologists, Washington, D. C. Presented 
by Dr. Giltner. 


The Agglutination Test as a Means of Studying the Presence of Bact. 
Abortus (Bang) in Milk. 
By L. H. Cooledge. Presented at the Meeting of the Michigan 
Academy of Science. Published in the Journal of Agricultural Re- 
search, Vol. 5, No. 19. 


Further Studies on the Presence and Significance of the Aggluttinins 
for Bact. abortus (Bang) in Cows’ Milk. 
Presented at the Meeting of the Society of American Bacteriolo- 
gists at Urbana, II1., December, 1915. Abstracted in Journal of 
Bacteriology, Vol. I, No. 1, January, 1916. 


Is Bact. abortus (Bang) Pathogenic for the Human? 
By L. H. Cooledge. 
Published in the Journal of Medical Research, Vol. XXXIV, No. 3. 


The following summary of the work reported on in the above papers is 
given as an indication of progress: 

A pure culture of Bacterium abortus introduced into the milk cistern 
of a cow’s udder caused the appearance of agglutinins in the milk. ~ 

In every case in which Bact. abortus was found present in the milk 
by animal inoculation the agglutinins for this organism were also found, 
but this bacterium was not found in every case in which agglutinins 
were demonstrated. It is not known, however, whether the bacteria were 
not found because of their absence or because of their presence in such 
small numbers. 
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The agglutination test is of yalue in studying the presence of Bact. 
abortus in milk when it is desired to study a large number of samples. 

If Bact. abortus is found to be pathogenic for humans, this test may 
be of value as another means of safeguarding certified and all unpas- 
turized milk. 

We have no conclusive evidence that Bact. abortus is pathogenic for 
human beings, but it is possible to cause antibodies for Bact. abortus to 
appear in the blood of adults by feeding a milk which is naturally in- 
fected with Bact. abortus and which contains the Bact. abortus anti- 
bodies. 

Antibodies appearing as above apparently indicate a passive immunity 
due to the absorption in the large intestine of the antibodies present in 
the milk. 

Mr. I. F. Huddleson has been working on the transmission of Bact. 
abortus through the milk touching upon the following points: 

(1) The effect on rabbits, guinea pigs and calves respectively of feed- 
ing naturally and artificially infected milk. 

(2) The significance of the matting of the hairy tufts about the or- 
ifice of the sheath and at the lower commissure of the vulva of calves. 

While much of my time during the past year has been occupied in 
studying the subjects taken up in the above lists. I have kept in mind 
other branches of my general problems and have gathered data for dif- 
ferent phases of this work. (lL. H. Cooledge). 

Mr. Cooledge submits the following report on investigations having in 
view the establishment of a proper basis for educational, extentional ef- 
forts in connection with the production and marketing of a clean and 
safe milk supply. 


MARKET MILK CONTESTS AND DAIRY SURVEYS. 


During the past few years many investigations have been carried on 
upon the effect of the presence of certain types of bacteria upon the milk. 
Some types have been found undesirable because they are pathogenic, 
others because of undesirable fermentations which they cause, while 
others are undesirable because their presence indicated that the milk 
has not been handled in a hygienic manner. 

To keep undesirable types of organisms out of milk requires a good 
deal of care at every step in the production and handling. Obviously edu- 
cational campaigns must be carried on among the producers and con- 
sumers of milk to show the value of certain § sanitary practices. 
During the past year a study has been made of some of the methods used 
in stimulating interest in a pure milk supply. This study has been 
along the following lines: 


Market milk contests. 

Market cream contests. 

Sanitary survey of milk plants. 

Sanitary survey of dairy farms. 

Sanitary survey of milk-plant water supplies. 


As a result of these contests and surveys the writer is of the opinion 
that an occasional contest or sanitary survey carried on in the right 
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manner will do more to interest the producer and consumer in a pure 
milk supply than will any amount of legislation. 

The result of these contests and surveys follows: 

In July, at the request of the Flint Board of Health, a sanitary sur- 
vey was made of the milk plants and dairy farms furnishing milk in that 
city. A milk contest was also held. 

The sanitary condition of milk plants as judged by the government 
score card for the purpose was fairly satisfactory. There is room for 
improvement, however. 


SANITARY SCORE OF CITY MILK PLANTS (JULY, 1915). 


| 
Classified as, Score. Banner ee sce 
SX COLIGIIGS Pivencrcs cistoye cea costa cee PeaaiSh Lae eeu tite eck one rT one 90-100 0 0 
WVGLY OOG yiee ce genet aor ene ee a ere ee a ne 75— 90 0 | 0 
POO ele cre Be ete ener tate ee hate win ee Oe eee 60— 75 8 47 
WAIT Sa 3c or ee ee Se OS Se ero 50— 60 mi 41 
Below Passing tis So LG Se eee eee ane 0- 50 2 12 


Average score for city milk plants 58.3. 


The sanitary condition of dairy farms was found to be slightly bet- 
ter than the city milk plants. A score card for dairy farms was used for 
this survey. 

SANITARY SCORE FOR DAIRY FARMS (JULY, 1915). 


Classified as, a | Score. ae of grt 
RCO OMG Tay ce Sie ya re = eae aire on tecer cba oh ooNe iehacers eqete eyo toueds vay Tatas 90-100 | 0 0 
WOETY SE OOG Gs. occ ie ehalte aust «ctor eeaxet, vaate eo esal ae sere elect oem aaa enaees 75— 90 ale 2.5. 
ADOC: totale yet ae Naee LOU Se the A ERT Beh ciara Nalote a otras pe eRe | 60— 75 21 52.5 
doy nos Ce RO em nae oes Pn a cee Gem rernacA Dery SIRS eh eerie: 50— 60 13 | 32.5 
BS COW PASSING free esac sacctohcicrejovow eben sere eke aie ete cleo 0- 50 5 | 12.5 


Average score for dairy farms, 59.4. 


The milk contest held was different from the ordinary milk contest, 
where samples are prepared with great care and entered, in that the 
samples were taken from the milk wagons without previous warning. 
The scores represented the condition of the milk as it was being put on 
the market. In scoring milk the following things are taken into con- 
sideration—bacterial count, flavor and odor, visible dirt, fat, solids not 
fat, acidity and condition of bottle and cap. The result of this contest 
follows: é ; 

SCORE OF FLINT MILK CONTEST (JULY, 1915). 


Classified as, ~ Score. pee P ee ae 
BI Ce EM tie, s esha ot vata baer crs sald lowave, © o:aneah cases come nace atts Le et ita 90-100 1 5.5 
WEN Ve POO tacts cre ctr tere taste ce eis Biro aps, peusrenthe Da ie eee 75— 90 7 39.0 
Er olOl: Cae Meee ot ork Oe Eo Tete eat RES Ot chy muh ie ole 60— 75 1 5.5 
LOS AW eh set» Sees ele Sy cee DR eRe ie Nm CN Bg Sa 1) Ye 50- 60 8 44.0 
(IPOGTE ae bene anon hoe Oc he dhs Wakely cet Oe ns ee eee 0- 50 1 5.5 
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The results of this survey entitled “Suggestions Based upon a Sani- 
tary Survey of Milk Plants and Dairy Farms Supplying Milk to the 
City of Flint” was published in a 12 page pamphlet by the Flint Board 
of Health and distributed widely among the dairy farmers of that vicin- 
ity. 

September 14, a milk contest was judged for the Jackson Board of 
Health. This was the first time a contest of this kind had been held in 
this city and as a result the number of entries was small. 


SCORES OF JACKSON MILK CONTEST (SEPT., 1915). 


nee < Number of Per cent 
Classified as, Score. samples. total. 
| 
BEE CELT bans ats cre eR a cyctare a ate or Ceo fess da, os Savant 0, /5°HS: oy oer 90-10 3 43 
SVR O Uris eran ape cr tree Mae ayaeicinyst a tunis im evuvenn,sienatn Qe hems 75-9 3 43 
BS NS SRO ESOR OO RIO AO DIDI COCA IOI e Sis 60- 75 1 14 
LBOS ERS 2c hgh hess er oye OLE oe ESE ae CSR ee a ag gr 50— 60 0 | 
POOL Pe ee ae ee nc ar RMON 8S Srardvatareuiate Cerone 0- 50 0 | 0 


The writer acted as superintendent and judge of the State Fair Milk 
Contest. Samples of milk were entered by forty-six dairy farmers. Most 
of these were from farms in the neighborhood of Detroit. 

That intelligent and painstaking care was used in preparing these 
samples is shown in the following table: 


SCORES AT STATE FAIR MILK CONTEST (SEPT., 1915). 


: Number of Per cent 
Classified as, | Score. samples. forall 
; | 
KCC LOE ey cee Ree ety acca ober erat vevale alche seminar ats saeco es avetacotetens 90-100 14 30 
IV EOTV SOO Cesc cecweven au nye tes ce U adel n aveke ayia ielie\'el ay w! cuavecs ta emeucseseneiadets Sel Sera 75— 90 30 65 
EG rte eos 5 Aa pec ha as De: nce Th ahinve Gla bie hale tic) ave eibi eres 60— 75 2 5 
ALYY a ota) ciccaie Perle ine eialievao b aietevere elale 'nidlivtecarmenevere laleipe-tleterctale 50— 60 0 i) 
Oe iota re eee Dente er eiclate ciao cbeie Daa swhatale oi ctdbece « erulone e eis tere 0O—- 50 0 0 


At the request of the Grand Rapids Board of Health a milk contest 
was held at that place in March. The samples entered in this contest 
scored as follows: 


SCORES AT GRAND RAPIDS MILK CONTEST (JAN., 1916). 


Classified as, Score. ee Eo cant 

PSGelbonG tase. oe Fy525. 052 ha. od AEN, SS ee eae 90-100 11 41 

War 1 07s ee oe ar GG ae eee Fok Sane ee on col ae ree 75— 90 14 52 
(0 eg ea ao aa REPRO Sis cod. elise ee 60— 75 | 1 5 
aT ey aya, Bey. he UO et rats oaa aloe Gr oi gaol alee ciheeae 50— 60 SES 
PPO re ree ree area ie bey Goer Oba ate eked s le datog atte nar aces ORAS OR eo tetete teito lion's getereererete 


i) 
or 
i 
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SCORES OF GRAND RAPIDS CREAM CONTEST (JAN., 1916). 


, ed ‘ . Number of Per cent 
Classified as, | Score. samples, taba 
POxcellent weg fis ki in veclc «win dehewkake bre eke Us eae ieee ele | 90-100 6 46.0 
VGEV: BOOW crite ex soca oo sim Oates ited ote a RTO Tere ieee 75— 90 4 31.0 
Goodins tee 66 ee bb es eS tee aes eeancieee ees 60— 75 2 15.0 
WRIT ore ono six Cinta oe loge re Toe Sins SIS a ELE ee ae 50—- 60 1 8.0 
POOT ie etd Svs Sr TOT Dee bee LE ee | 0- 50 0 0 


In March a second milk contest was held at Flint. This contest in- 
cluded samples of milk which were carefully prepared for the contest 
and samples that were taken from the wagons without warning. 

The samples in these contests scored as follows: 


FLINT MILK CONTEST (MARCH, 1916). 


‘ ‘ Number of Per cent 
Classified as, Score. samples. totae 

HEX COU STIG aco = acayane: ses. ances aveys aie lars) oat AU vlna to hale wheels oisie epee 90-100 | 4 31 

IVIGEVEROOG inc sepace<it Bhs ateoie suc Fist casvelarereteyeis che oe ieperetoiee eaice tate | 75— 90 | 6 46 

OOM ayaicts ere say sis as shayehoyematoiens Glas selene amtaro acer 60— 75 3 | 23 

ap Meets cme ee ce Mane erento ct apsie tae escteee prokerecn healer os aol emo 50— 60 0 0 

LEY 0) Re ie CIERRA Cie LEER MEIC Us BICOLOR LR ORR TE eran To ok 0- 50 0 0 


(L. H. COOLEDGE.) 
REPORT ON BACTERIOLOGICAL WATER ANALYSIS. 


The bacteriological analyses of water are made under the direction of 
L. Zae Northrup, but those examinations made in connection with 
dairy surveys were conducted at the suggestion of Mr. Cooledge. Eighty 
samples of water were examined bacteriologically during the year 1915- 
16. Of these, 19 samples were from the city water systems from Flint, 
Saginaw, East Lansing and the College, the remaining 61 were from 
rural communities. Fifty or 63 per cent of all samples were polluted 
with sewage bacteria. Seven or 37 per cent of all city samples were sew- 
age polluted and the remaining 43 polluted samples constituted 70 per 
cent of all samples analyzed from rural sources. 

Twenty-one samples were taken from wells in use by dairies supply- 
ing Flint; this number includes three samples from the Flint city water 
supply. The average bacterial count of the latter was 16,693 per cubic 
centimeter and the samples were unquestionably polluted with sewage 
organisms. 

The average bacterial count of the rural wells supplying dairy farms 
near Flint was 20,220 with a minimum of 31 and a maximum of 63,000 
per cubic centimeter. Only two of the rural wells in this case would 
have been above suspicion. This condition obtains very commonly and 
is a deplorable one since the health, not only of individual families and 
of small localities, but of the public using milk from these dairies is en- 
dangered by these polluted water supplies. The universal contamina- 
tion of these wells may be almost unmistakably attributed to the fact 
that they are surface wells. 

Sixteen samples of water were collected for bacteriological analysis 
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from the milk plants which supply the city of Lansing. These analyses 
were made by Mr. R. W. Wyant in connection with a sanitary inspection 
of the plants, which were scored by Mr. L. H. Cooledge. The table below 
gives the details of the scoring and the count. 

Of these 16 samples, 81.2 per cent were grossly contaminated with sur- 
face washings or sewage or in some cases both. The average bacterial 
count of all samples was over 800 per ¢. c. with a minimum count of 4 
and a maximum count of 116,200 per ¢. c. Fifty per cent of these sam- 
ples would pass unquestioned from the standpoint of counts only. The 
prevailing comparatively low counts in the water supplies of Lansing’s 
city milk plants without doubt may be attributed to the deep wells 
necessitated by the geological formation in this vicinity. 


Sanitary score. Count. 
| 

Number. | Methods. | Equipment. | Total. Agar. Gelatin. | Agar shake. Lactose bile. 

| Seay 28.0 17.0 45.0 23 | Surface growth| No change. 

7 ic PPS ORE 25.6 18.5 44.1 417 7,000 | Acid + gas...| Acid. 

Samet rr ehte 20.5 15.5 36.0 44 Ar AO lerhetopas seaee tae Acid. 
+31 Os Soe ol USO EN Heel tiny Someta eae Skat ites 33 4,086 | Acid + gas...| Acid. 

a een 24.0 17.3 41.0 0 28 | No change....| Acid. 

ides Oe 50.0 35.0 85.0 42 G44P ACG ciara No change. 

ie careers 26.0 16.0 42:.0 116,200 | 93,300 | Acid + gas...; No change. 

ee 21.0 13.0 34.0 110 Die | Gras sy heey. No change. 

Sees ret. Pt ols) 18.0 45.5 160 DAG ease cares No change. 

Qa Iase Al 7 AG LEO 37.0 3,000 A Gas ieee. & Gas 
OA a ap as 34.9 26.3 61.2 1,196 | 18,000 Reductions .| No renee 
eee 33.7" 29.1 62.8 9 966 | Much gas.. No change. 
Me Sprciec ois: 20.0 | 15.2 BAP |) 0 20 | Acid + gas. . ...| No change. 
DS etic: dre:3 47.8 24.0 DIGS: | 90 205i | Gases eee No change. 
eT aie eis sexes 16.8 17.2 34.0 90 456 Acid + gas.. No change. 
UDegeieisve’ers ¢ 38.3 33.7 72.0 | 1 4 | No change.. No change. 
WOES rorcus occ 19.0 13.0 32.0 134 745 | Acid + gas. . ..| Acid + gas. 


*Two wells. 


The bacterial count of the agar plates, which are incubated at 37°C. 
indicates the number of bacteria in each ¢.c. of the water which may 
be of intestional origin or related forms. 

The gelatin plate count gives the number of bacteria present which 
grow at lower temperatures and are for the most part soil or natural 
water organisms. 

Gas and acid in the agar shakes indicate that there is at least one 
organism of the colon group present in 100 c¢.c. of the water. 

Litmus lactose bile inhibits the growth of most bacteria not of the 
colon group; therefore growth in this medium suggests serious pollu- 
tion. 

The above table shows that only four plants out of the 16 examined 
score above 50. Plants scoring less than 50 should not be allowed to 
sell milk. In many cases carelessness was the cause of the low score. 
A general clean-up inside and outside of the building would, in most 
cases put the score up to 50 with little or no additional cost. The 
most noticeable feature of the above survey is the fact that 11 out of 
the 16 plants score under 50. (LL. H. Cooledge.) 

Mr. C. W. Brown has devoted approximately one-half of his time to 
Adams project 1b and the remainder to studies in the broad field offered 
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by the nodule-forming bacteria and vinegar and pickle fermentations. 
His report is given below and includes mention of work done under his 
direction by graduate students and assistants: 

Under the Adams project, Keeping Qualities of Butter, parts IV, 
“Cream Ripening and Its Influence” and V, “Pasteurization and Its 
Influence,” represent work done on the same samples and will be offered 
soon in bulletin form for publication. 

A contribution to part IV, which has for its purpose the following of 
various groups of micro-organisms from the cream to the butter, repre- 
sents the data secured by Kurt Peiser in his study under my direction 
for a Master of Science degree, arranged and discussed in bulletin form: 
and presented for publication. 

A contribution to Part V which has for its purpose the study of 
factors influencing the resistance of bacteria in cream to the heat of 
pasteurization is assembled and arranged from a part of the work done 
for a Master of Science degree by Mr. Peiser. This also is offered in 
bulletin form for publication. 

During the year work on part VI “The Study of the Micro-Flora of 
Butter” has been continued. The object here is to-ascertain the indi 
vidual action of a number of the micro-organisms commonly found in 
butter upon the constituents of milk in order to obtain a better under- 
standing of their action in butter. This work is not ready at present 
to offer for publication. 

Additional data have been added to the, “Study of Starters.” This 
work is, in reality, a branch of the main subject and, when completed, 
can be presented logically under the head of “Keeping Qualities of 
Butter.” 

The data upon the “Fermentation of Brine Pickles” secured during 
the year is being assembled in bulletin form for publication, but is 
not ready for presentation with this report. The object of this work is 
to determine the nature of the normal fermentation in order that ab- 
normalities may be adjusted and that much of the spoilage may be pre- 
vented. 

The work upon the “Viability of Ps. radicicola under Aerobie and 
Partial Anaerobic Conditions” has been pursued under my direction 
by F. O. Ockerblad as part requirement for a Master of Science degree. 
As soon as it can be arranged in bulletin form it will be offered for 
publication. The purpose of this work is to study the conditions affect- 
ing cultures of nodule-forming bacteria and to ascertain their wellfare 
when distributed for seed inoculation. 

The distribution of cultures of nodule-forming bacteria, of lactic 
bacteria, of the alcohol-acetic micro-organisms, and of pure cultures 
from stock room for commercial, experimental or educational purposes 
has been conducted largely by Mr. Ockerblad, assisted by Mr. C. G. 
Nobles. The number of different cultures sent out from this laboratory 
during the year is tabulated as follows: 
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CULTURES OF NODULE-FORMING BACTERIA SENT OUT DURING THE CALENDAR 
YEAR 1915 AND UNTIL JUNE 30, 1916. 


Aisvae We Sept. 1 Total Jan. 1 | Total 
1915 to | July, | August, | to Dec. for to Apr. | May, June, | Jan. 1 
June 1915. 1915. ann, 1915. 30,716. | 1916. 1916. | to June 
a0, 5: 1916. 
| | 
Afalian. os... 3,042 601 1,104 106 4,853 TOT 658 | si | 2,240 
Sweet clover.. 323 38 39 10 410 | 395 | 157 54 606 
Red clover.... 375 | 30 92 12 509 338 99 21 458 
Alsike clover. 33 | 1 4 2 40 | 39 | 22 2 63 
White clover. . 14 | OS | Sayan eerie NE. saree 2 16 7a | See NN pl ean | 
Field beans... Da LOM reece ed Pn socpete calle een anckouece 241 | 23} 44 228 274 
Garden beans. (=| Be Aros oc ckamnieNeRal longs aie nic 17 | 3-| 2: eee : 
Soy beans.... 738 aE eet erelen: osenas: 794 | 21 | 214 301 | 536 
Canada field | 
WCBS as naz ol 191 Ayal easter IOC aCRCIeRO tc 205 | 120 | 20 10 | 150 
Garden pea... BA Nic sx actvebe ale We Aekareetote)|locchetenes cuss | 34 | 8 | 1 eel 19 
Cow pea..... 225 Seal Rage ec | Pee he 233 | 16. | 22 ote 95 
Sweet pea.... eel ees oe beac edn. 8S no lomo rales | 15 | 10 3 1] 14 
WMetchi: -.225% 8 92 63 | 353 104 612 | 25 | 23 5 | 53 
| | 
‘Lotals. ... 5,340 | 814 1,592 234 7,979 25052 :| Leas 1,190 | 4,517 
} | 


Cultures of other micro-organisms were sent out from this laboratory 
between June 30, 1915, and June 30, 1916, in the following numbers: 


ALCON OI-ACEEIC. oie, 0: 55.5 ae soso PE rk 14 
BGCEa LACUS, GCUU. «Geir o rar at achat stones ae 9 
TOBE. OULOQIACUAN: va cteresaiaa<l~ 5/0, ooske wie oe i 
Miscellaneous from stock room........ ek 


Connected with the distribution of alcohol-acetic cultures a number 
of samples of vinegar sent in from different parts of the State were 
analyzed and the results with suggestions returned. (Chas W. Brown.) 

Mr. Morgan has continued his studies with the soil solution and its 
method of extraction as devised in this laboratory. I feel that progress 
is being made in this work. His report follows: 

The data derived from the study of the soil solution obtained by the 
oil pressure method is now ready for publication. The experiments as 
reported a year ago showing the results of the action of micro-organisms 
upon nitrogenous compounds, as dried blood, tankage, cottonseed meal, 
were continued together with others showing the effects of the micro- 
organisms upon ammonium sulfate and sodium nitrate and phosphate 
rock. 

Mr. O. M. Gruzit, graduate assistant in this department, has shown, 
in his study of the effects of some acids, alkalis and inorganic salts on 
soil bacteria in soil solution, that these soil bacteria in the few soils 
used developed best when the reaction was N/1000 alkaline (-1° Fuller’s 
Seale). An acid reaction of N/1200 killed about 98 percent while an 
acid reaction of N/2860 inhibited the growth of 46.5 percent of the 
bacteria in soil solution. 

It has also been found that the reaction of the soil solution changes 
gradually from alkaline into an acid condition due to bacterial activi- 
ties. The effect of the various potassium, nitrate and phosphate salts 
did not show great differences upon the number of bacteria, but it did 
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show that the medium became toxic to bacteria at different times de- 
pending upon the salt present. 

All this work and that of the effect of the micro-organisms upon 
various fertilizers in soil will be taken up in detail in a publication 
in the near future. 

About a year ago with your consent, the writer in co-operation with 
Mr. W. S. Robbins, at that time connected with this department in the 
manufacture of hog cholera serum, now with the Pathological depart- 
ment, took up the study of the growth of the hog cholera virus in the 
soil solution as a preliminary to the study of soils infected with. said 
virus. Some progress has been made in the work thus planned. The 
work has been delayed somewhat for lack of material. 

At the meeting of the American Bacteriologists, held at Urbana, 
Illinois, December 28-30, 1915, the writer presented a paper entitled 
“The Soil Solution as an Index of the Biological Changes in the Soil” 
and in conjunction with Mr. Gruzit, “Reaction of the Soil Solution as 
an Index of the Biological Changes in the Soil.” Abstracts of both 
papers appeared in the first number of the “Journal of Bacteriology.” 
Mr. Gruzit presented a paper on “The Effect of Natural and Modified 
Soil Solution on Bacteria” at the meeting of the Sanitary Section of the 
Michigan Academy of Science held at Ann Arbor, March 29, 1916. (J. 
Frank Morgan.) 

Mr. L. C. Ludlum came to us in September, 1915, from the University 
of Michigan, to take up the work in hog cholera research suspended in 
March of the same year by the resignation of Dr. L. R. Himmelberger. 
These breaks in the continuity of research problems are unfortunate, 
creating, in many instances, delays in the progress of the work due to 
the necessity of breaking in new men, that are far more expensive than 
the increment in salary essential to the retention of a good man already 
familiar with the project. We are pleased with the manner in which 
Mr. Ludlum has taken up his duties. His report follows: 

“My work has been almost entirely in the field of pathogenic bacter- 
iology, with some aspects of hog cholera as the main problem. The 
first three months were largely spent in reviewing the literature of hog 
cholera. 

The research woul on hog cholera has been pursued with four definite 
ideas in view, viz. 

First : Gaineation Experiments. The artificial cultivation of the 
filterable virus of hog cholera has never been accomplished. Success 
in this attempt would open the way to much valuable work in this and 
related fields. 

Filtered virus blood and filtered virus salt solution will be used in 
media of various kinds. The methods of Noguchi, successful in the 
artificial cultivation of certain anaerobic, filterable organisms, will be 
carried out. 

Second: Development of an early and accurate laboratory diagnostic 
method for hog cholera. 

The isolation or extraction of the specific casual agent of hog cholera 
would give us an antigen which might prove of value in agglutination 
and complement fixation tests with virus serum. 

Different extracts of various organs and tissues of virus hogs will be 
tried out in the attempt to secure such an antigen. _ 
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Third: If the artificial cultivation experiments should be successful, 
then we would have an excellent basis for a rational vaccine treatment 
for hog cholera. Such a treatment, with the more or less permanent 
immunity usually obtained in such treatment, is to be distinguished 
from the Dorset-Niles protective serum and the resultant very tempo- 
rary, passive immunity secured with serum-alone treatment. 

Fourth: With the perfection of a method of complement fixation, as 
noted under Experiment 2, there is a possibility of working out a cheap 
and quick method of standardizing the Dorset-Niles serum. Just at 
present this is the greatest improvement that can be hoped for in the 
Dorset-Niles treatment. 

While no final report on any part of the work is yet desirable, some 
points may be worth touching upon. 

The cultivation experiments,—by no means complete as yet,—were 
carried out with samples of virus defibrinated blood, virus serum (from 
clotted blood) and virus salt solution obtained by the method of Rob- 
bins and of Craig. These solutions were filtered, in dilutions of 1 to 3 
with normal salt solution, through Pasteur-Chamberland and Buchner 
filters. Bacterial sterility was, proven by inoculation tests in the ordi- 
nary media, and then attempts were made to cultivate the virus on 
various special media, under aerobic and anaerobic conditions, and at 
various temperatures. 

The virus salt solution proves the easiest to handle, because of many 
difficulties encountered in filtering the blood samples. “No definite re- 
sults can be reported, but the tests at different temperatures will be car- 
ried out more completely another year. 

In the endeavor to apply the method of complement fixation to the 
early diagnosis of hog cholera, various extracts were tested for antigenic 
properties, using immune, hyperimmune and virus sera for specific am- 
boceptor. This is a reversal of the ordinary complement fixation technic 
and takes for granted that if the method is applicable at all, these sera 
should contain such a specific lytic amboceptor for the specific virus of 
hog cholera. 

Various extracts of diseased organs from hog cholera animals were 
used. Some definite results were obtained with such organ extracts, but 
the fact that almost invariably such organs are contaminated with B. 
cholerae suis, renders this work uncertain. Using a pure culture of this 
organism it is possible to obtain complement fixation with some samples 
of hyperimmune sera. 

It seems probable that the most definite results will be obtained with 
an antigen prepared from virus salt solution. This fluid can be obtained 
free from B. cholerae suis contamination, is powerfully virulent for sus- 
ceptible hogs and a concentrated salt virus should contain enough of the 
specific virus to give antigenic properties. The results here are promis- 
ing but not complete. ; 

It is necessary to have enlarged facilities for experimental animals to 
earry out this work at all satisfactorily and the new building now being 
erected will soon render this possible. 

Another problem taken up during the year.was that of white diarrhea 
in chicks. This disease was first studied in the eastern states about ten 
years ago and has been the subject of extensive reports from the New 
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York (Cornell), Connecticut and Massachusetts Experiment Stations. 
There is reason to believe that the disease is quite prevalent in this State 
and steadily becoming more serious to the poultry industry, probably 
due to importations of diseased breeding stock from the east. 

It seems advisable to make a complete investigation of this problem, 
including a survey of the State in respect to the present spread of the 
disease and also if possible to perfect diagnostic and preventive methods 
or curative agents with the idea of identifying and, if possible, stamp- 
ing out the disease. . 

It seems possible to adapt the complement fixation method to the diag- 
nosis of this disease in adult carriers, as preliminary work has demon- 
strated. 

A considerable amount of outside clinical diagnostic work has been 
handled throughout the year. (L. C. Ludlum). 

We hope to be able to continue the work with white diarrhea of chicks 
and arrangements have been made to place the problem in the hands of 
a graduate assistant and to cooperate with the Poultry department of 
this Station. 

While still connected with this laboratory Mr. W. S. Robbins, in 
charge of the hog cholera serum plant, conducted some experiments with 
virulent salt solution that have remained unpublished. He was able to 
find that the virulent salt solution (25 cc. salt solution per pound of body 
weight remaining in the abdominal cavity 6 hours) would hyperimmun- 
ize a pig successfully when injected subcutaneously but not when in- 
jected intravenously in reasonable or practical amounts. He attributes 
the success of the subcutaneous injections to the perfect absorptive pow- 
ers of the salt solution virus due to its low fibrin and protein content as 
well as low B. cholerae suis content as compared with virulent blood. He 
found the composition of the 25 cc.-6 hour salt solution to average, in 
comparison with the blood of the corresponding animals, as follows: 


Percentage | Percentage | Percentage | B. cholerae 

recovered. fibrin. protein. suis per cc. 
Virnlentsaltsolition een eo care eet ieee -61.4 .067 99 3 
Wittisi DOGG ico van ciste eeouseie cutee eae eae POSS RPO CICK ee 17.75 .62 6,468 


| | 


Adams project 3b. bovine infectious abortion, has suffered during the 
year due to our inability to fill the vacancy caused by the removal of Dr. 
Hallman to the Department of Animal Pathology, newly created. While 
we congratulate the College on its acquisition we deplore the loss to the 
Station. Dr. Hallman’s results are to be found in the “Journal of the 
American Veterinary Medical Association,’ N. S. Vol. 2, No. 3, June, 
1916, “Studies in Infectious Abortion in Cattle.” Ward Giltner, E. T. 
Hallman and L. H. Cooledge. The main facts are as follows: 

“The use of living cultures of the abortus bacterium on open females 
and dead cultures on pregnant females, has been applied to a few herds 
with the object of observing their pyrogenic and immunizing effects. 

“Not a large enough number of animals have been under observation 
to make any valuable deductions, nor has any herd been treated with a 
part of the herd left as controls. It has been difficult to get owners to 
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agree to have a part of their herd untreated, and difficult to get them to 
record temperatures for several days after the injections. 

“The method of treatment adopted was to cultivate the organism on 
neutral agar until considerable growth had occurred; these were then 
washed off with sterile salt solution, and diluted so that there were ap- 
proximately 4 to 5 billion organisms per c. c. Where dead cultures 
were used the suspension was heated to a temperature of 60°C. for one 
hour and transfers made to agar to determine their sterility. Where the 
living cultures were used, they were injected within a few days from the 
time the dilutions were made. 

“There is little in our work to encourage one in the use of dead cul- 
tures, and there is reason to believe that injury may result in some cases 
from the use of living cultures. Nothing but an extensive series of care- 
fully conducted experiments will demonstrate the actions of these in- 
jections. 

“In one herd we have ecnmaca the following observations: Of 19 
animals receiving living cultures at the Ist injection, 4 gave a marked 
thermal reaction; 11 gave a slight thermal reaction and 4 gave no ther- 
mal reaction. 

“Of the 17 animals receiving dead cultures, 
reaction, and 10 gave no thermal reaction. 

“Of 15 animals not reacting to the test and receiving injections of liv- 
ing cultures, 9 having calved normally only after experiencing consider- 
able difficulty in getting them with calf; 5 have aborted; 1 has been 
sold without learning subsequent history and 2 are sterile. Of 2 ani- 
mals reacting to the test and one suspicious and not tested, all calved 
normally. 

“Of 10 pregnant animals reacting to the test and receiving injections 
of dead cultures, 4 have aborted, 4 have calved normally, and 1 died on 
the 228th day of gestation with a normally developed calf in utero. 

“Of 6 animals not reacting to the test, and receiv ing dead cultures of 
the abortus bacterium, 3 have calved normally and 3 have aborted. One 
giving a suspicious reaction to the test, calved normally.” 

We have continued to maintain our experimental herd which was 
available for project 1a and we have supervised some experimental work 
along the line of a study of the bacterial flora of the generative organs in 
health and disease. Mr. H. J. Stafseth, graduate assistant, and Mr. W. 
©. Keck have undertaken this work, which will be continued. They have 
found a similarity in flora in the vagina of healthy cattle in our herd 
and in the uterus of cattle killed in the packing houses at Chicago and 
Detroit. Mr. Huddleson finds abortus-like culture in the cysts of dis- 
eased ovaries but fails to find antibodies for Bact. abortus in the cystic 
fluid. A further study of the cystic fluid is being undertaken since we 
are convinced that a relation exists between ovarian degeneration and 
infectious abortion. These men have made the serum tests on samples 
of bovine blood. 

There have been tested during the year, 202 samples of blood (exclus- 
ive of experimental samples) by the complement fixation test for infec- 
tious abortion, of which 99 reacted and 94 failed to react, with 9 suspi- 
cious. In one instance 14 duplicate samples were sent to another labor- 
atory with the ultimate results coinciding perfectly. 
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We are now having built a barn which will satisfactorily house our 
experimental animals and enable us to conduct our work in the future 
under pleasanter surroundings. A new man is expected in September to 
take up, and push with vigor, the research work with this disease. 

In conclusion I wish to commend the earnest efforts and fine spirit 
of cooperation, manifested by all those whose work is discussed herein. I 
am indebted to Miss Northrup, assistant bacteriologist, for advice and 
assistance freely given out of time already fully occupied by teaching 
duties, and in behalf of the laboratory I must thank Miss Louise Rau 
for her industry, patience and carefulness in handling all the numerous 
details of office work made necessary by the variety of our endeavors. 

We are especially grateful to you for your active support and wise 
council during the year. 

Respectfully, 
WARD GILTNER, 
Bacteriologist. 
Kast Lansing, Mich., June 50, 1916. 


REPORT OF THE BOTANIST. 


Dean R. S. Shaw: 


Dear Sir—I hand you herewith my report as Botanist of the Experi- 
ment Station. ; 

The botanical staff has suffered no loss during the. year, consisting 
as in the preceding year of myself, Dr. G. H. Coons, Research Assist- 
ant in Plant Pathology; Dr. R. P. Hibbard, Research Assistant in Plant 
Physiology; and Mr. J. H. Muncie, Assistant in Plant Pathology. In 
addition Mr. R. W. Goss was employed during the fall for full time 
and from January Ist on as half time Assistant in Plant Pathology. 
For assistance in making culture media, distilled water for Dr. Hib- 
bard’s experiments, and other work of the kind, student labor has been 
employed as it was needed or was ayailable. 

My work in the main consisted of the general supervision of the 
lines of work carried on by the above named staff. In addition I had 
charge on the part of the Experiment Station of the cooperative work 
on cucumber diseases. 

The reports of Dr. G. H. Coons, Dr. R. P. Hibbard and Mr. J. H. 
Muneie are appended herewith as part of my report. 

The cucumber disease work is conducted under a cooperative agree- 
ment between this Experiment Station and those of Wisconsin and 
Indiana, the Bureau of Plant Industry of the U. 8S. Department of Agri- 
culture, and the H. J. Heinz Pickle Co. Under the terms of this agree- 
ment the H. J. Heinz Pickle Co., furnishes the land and labor at Big 
Rapids, and pays the salary of Mr. 8. P. Doolittle on the H. J. Heinz 
Industrial Fellowship at this institution. The Bureau of Plant In- 
dustry furnishes several men with W. W. Gilbert to supervise and Co- 
ordinate the work. For this Station I supervise and plan the work of 
Mr. Doolittle on the mosaic disease of cucumber and act in an advisory 
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capacity in formulating the general plan of the work. In this latter 

capacity I went to Pittsburg in January for a conference of all cooperat- 
ing parties. 

In the prosecution of these investigations Mr. Doolittle has deter- 
mined the infectious nature of the mosaic diseases of cucumber; show- 
ing that it can be carried from a diseased plant to a healthy plant by 
plant lice. The organism causing the disease has not been isolated as it 
has not been possible to cultivate it so far. It is exceedingly minute, passing 
through the ordinary bacterial filters, constituting thus a_ so-called 
“filterable virus.’”’ The disease is transmissible by aphids, or by hypo- 
dermic injection of an extract of a diseased plant, from cucumber to 
muskmelon and squash and vice versa. Further experiments on other 
hosts are in progress, as well as experiments to determine the means of 
over-wintering. 

One of the most important pieces of work that can be undertaken is 
the plant disease survey of Michigan. Up to the present the necessary 
funds have been lacking, so that it has been impossible to make such a 
survey in a systematic manner. However, it is possible to get an idea 
of what are the more pressing plant diseases from the letters and other 
inquiries that come to the College. Occasionally diseases new to the 
State or even to science are brought to light through such correspond- 
ence. It is greatly to be deplored that not all the correspondence on 
plant disease topics and specimens of plant diseases sent in are turned 
over to this department. At present at least two other departments 
make it a practice to answer such letters and make no records and do 
not preserve the specimens. These records and specimens would add 
greatly to the completeness of our information on this subject. It 
is furthermore regretable that such letters are not all referred to this 
department since, through unfamiliarity with the current literature on 
plant diseases on the part of those departments, the diagnoses made 
and the control measures advocated are not in all cases entirely trust- 
worthy and often are at variance with the findings and recommendations 
of this department. 

It must be conceded that these departments had in the past an ex- 
cellent reason for occupying this field in view of the fact that plant 
pathology was not in the hands of a trained pathologist in this de- 
partment, but that time has long passed and efficiency and accuracy 
would seem to require that all letters and inquiries even of the simplest 
nature, on plant diseases be referred to this department. This should 
be viewed by these other departments as a measure of protection to them 
as it is obvious that they will thus be relieved from the danger of making 
false diagnoses. 

It would seem highly desirable to establish a plant survey project in 
this department either in the Experiment Station alone or in coopera- 
tion with the Extension Division. The object of such a project would 
be “To give instruction and practical demonstration in the identifica- 
tion and control of plant diseases, including advice through correspond- 
ence and personal visits to farms and orchards, in cooperation with 
county. agents, farmers’ organizations, and individuals.” Special at- 
tention would be given to certain of the more important crops. In the 
course of this work correspondence would be followed up by personal 
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visits to various districts, and the systematic visitation of farms in dif- 
ferent regions would be made. As a result the most pressing problems 
would be discovered and material and opportunity obtained for further 
work. The methods of procedure proposed are as follows: 

(1) Itis proposed to give instruction in the serious diseases of crops 
by local meetings and by field surveys, wherever the localization of the 
industry is such as to make these efficient. For example, instruction 
and demonstrations in control of celery diseases can readily be under- 
taken in each of the great celery districts and these courses of instruc- 
tion and demonstrations there will reach the. great majority of the 
growers. The other crops are more or less localized and afford somewhat 
similar possibilities of economy of effort in reaching the growers con- 
cerned. 

For much of the work the system of farm demonstration will be em- 
ployed. This will consist in the establishment of demonstrations on 
particular farms of strategic location, combined with careful supervi- 
sion to insure as successful outcome as possible. For example, in 
cucumber diseases, it is now known that a careful rogueing of the fields 
by one familiar with the early stages of such diseases as wilt and mosaic 
will do much to insure a crop. The selection in certain pickle growing 
districts of farms for this purpose, will demonstrate the value of this 
treatment. 

Further there are possibilities in working through the county agents 
of co-ordinating and enlarging such of their work in plant disease con- 
trol as should be a part of good farm practice. This work would be 
so constituted as to relieve the county agent rather than to add to his 
burdens. For example, in the case of a fight against bean diseases, a 
demonstration will be planned in which safe seed, etc., will be planted 
for contrast with the ordinary run of seed. The plans will be formulat- 
ed and carried out in the counties interested. The leader will visit 
these county men and personally assist in the establishment of the 
demonstration. The collection and co-ordination of results is also con- 
templated. 

(2) The selection of 10 to 20 farms representative of the different 
sections of the state and its major crop interests, to which regular 
visits may be made during the growing season, the purpose of these 
visits being to keep in touch through these agencies with any peculiar 
local plant pathological problem and to forsee epidemics. 

(8) The handling of correspondence relative to plant disease con- 
trol in Michigan. This seems to include diagnosis, recommendation 
and recording of occurrence. Where conditions warrant, the recom- 
mendations will be followed up by letter or visit to find value of treat- 
ment or cause of failure. 

(4) The establishment of specialized mailing lists of growers in- 
terested in special crops. These men will receive special extension ser- 
vice letters which may be issued frem time to time. Such lists would 
be available in sending the publications of the scientific staff. Further, 
the establishment of suitable collections, charts, lantern slides, ete., to 
promote the work is proposed. 

(5) Cooperation with existing agencies of agricultural instruction, 
county agents, schools and normals, in giving demonstrations, and field 
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instruction in plant disease control or in the identification of diseased 
specimens. Upon request of the county agents the leader in extension 
in plant disease control will plan to make a special visit to assist 
in demonstrating any particular matter of disease control, or to survey 
the field for future plant disease demonstrations. He will also serve 
as the agency for bringing the research agencies of the College in touch 
with field conditions. 

_ (6) It is proposed to furnish leadership in community effort against 
plant disease outbreaks or epidemics. For example, in the diseases of 
celery, especially blight and “stunt” (a new soil sickness) community 
effort will be enlisted to make the fight efficient. So, too, in all those 
diseases in which the destruction of the sources of infection is the 
principle involved. 

Respectfully submitted, 
ERNST A. BESSEY, 
Botanist. 
East Lansing, Mich., June 30, 1916. 


Dr. E. A. Bessey: 


Dear Sir—At your request I submit a report of the work done during 
the past fiscal year. My work, as before, falls under two heads: that 
done for the College and that done for the Experiment Station. The 
work for the College is divided into several forms of activity: teaching 
classes in Plant Pathology, assisting with graduate work, and assisting 
in the extension phase of the department’s work. — Statistics of the un- 
dergraduate and graduate teaching are included in your department re- 
port. The extension work has consisted, in part, of attention to corres- 
pondence with reference to plant diseases. During the year nearly a 
thousand plant disease specimens haye been handled in the laboratory. 
Besides this work several popular lectures have been given at meetings 
of farmers. Exhibits of plant disease specimens have been prepared and 
these have served as a loan collection for the fairs, special extension 
trains, and for the general use of county agents. A collection of lantern 
slides on the late blight of potatoes has been assembled, and this with 
proper descriptive legends has been put at the service of the county 
agents. The department’s interest in potato-disease extension work has 
been continued. In this connection students have been trained for field 
inspection and advice has been given on the policy of the work. This 
cooperation with the leader of the potato extension work has given re- 
sults which warrant suggestions on the problem of co-ordination of a 
college department with the extension service. 

The work done for the Experiment Station falls under three heads, 
that done under the (1) Adams fund project, (2) the Hatch fund pro- 
ject, and (3) the various State fund projects. 

(1) The Adams fund project, which has been under way in the labor- 
atory for several years, has reached a point where definite conclusions 
have been arrived at and where fairly complete presentations can be 
made. This project has been terminated. It may be permitted to review 
hastily this work, summarizing the main results. 

The problem in general dealt with the determination of the cause and 
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control of certain limb and twig diseases of fruit trees. In particular, 
attention was concentrated on a serious canker disease which appeared 
in apple trees in Northern Michigan. The canker was different from 
any of the known cankers of apple, being distinct in the character of the 
lesion produced. Bark on affected limbs was killed to the wood and 
after a year or two the killed bark peeled in strips leaving a deeorticated 
branch on which the causal organism commonly fruited. The associated 
organism was obtained in pure culture, its morphology determined and 
the etiological relationship established. The organism proved to be a 
member of the great group of Fungi Imperfecti, the Sphaeropsidales. It 
seemed to correspond exactly with a fungus from apple which Saccardo 
found in Italy many years ago and which he described under the name 
of Aposphaeria fusco-maculans. For reasons outlined in another pub- 
lication, the organism was transferred to another genus and now is 
called Plenodomus fuscomaculans. This phase of the subject has been 
reported in a preliminary way in the 1915 Report of the Michigan Acad- 
emy of Science. Due to unfortunate delays in publishing this report 
this preliminary paper has not as yet been distributed. It was also re- 
ported in abstract form at the Columbus meeting of the American. Asso- 
ciation for the Advancement of Science. This abstract has appeared in 
Science, March 10th, 1916. 

The greatest emphasis in the study of this fungus has been placed up- 
on the physiological activities of the parasite. This work was done in 
part at the Cryptogamic Laboratory of the University of Michigan. This 
phase of the work has appeared in the Journal of Agricultural Research, 
January 17th, 1916. 

The final publication on this project will consist of a technical bulle- 
tin dealing with the organism as a plant pathogene. This work has been 
completed but due to press of other work has not been put into final 
shape for publication. 

With the accomplishment of these results the present Adams project 
was terminated, and a new project planned. This project is a natural 
outgrowth of the physiological studies already carried out. 

The formal statement of the object of the project is as follows: 

“To determine with some of the plant pathogenes of the Fungi Umper- 
fecti, biological relations which may give a basis for identification and 
classification as well as understanding of physiological and life history 
problems. The Fungi Imperfecti form a group which at present has no 
basis for classification other than a highly artificial one. Attention will 
be concentrated on the section of the group represented by the genus 
Phoma and its close allies.” 


(2) HATCH FUND. 


Plant Disease Survey. 

The work under the Hatch fund has continued along the same lines as 
in previous years. The plant disease survey of the State has been con- 
tinued. In making this survey the extensive correspondence of the de- 
partment on plant diseases already referred to was found to be an in- 
valuable adjunct. 

The work on the plant disease survey has been further carried on by 
means of questionnaire letters and by field trips to various parts of the 
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State. The tabulated results of this survey have been forwarded to the 
Bureau of Plant Industry at Washington. Some of the interesting ob- 
servations and new diseases of the State are briefly mentioned in a sup- 
plementary article in this report. 

Other Work with the Hatch Fund. Superintendence of the cucumber 
project in which the department is co-operating with the U. 8. Depart- 
-ment of Agriculture was carried out by means of the Hatch fund. The 
report of progress of this work is given at another place. 

Many minor problems are handled under the Hatch fund. The ac- 
cumulation of photographs to illustrate the signs of the various plant 
diseases of economic hosts is financed from this fund. At present the 
number of usuable negatives on plant diseases is about 500. 


(3) STATE FUNDS. 


Bean Work. The extensive investigation of bean diseases and their 
control which was begun in 1913 at the appointment of J. H. Muncie has 
now reached a stage where definite lines of advance can be seen. The 
history of the project may be briefly reviewed. The bean crop of Mich- 
igan has long been a staple, leading crop in the State. In many sections 
it is the money crop. Year after year the average “pick” per bushel 
kept increasing and with seasons of abundant rainfall, the crop was. un- 
profitable. The cause of this situation was clearly seen by Dr. Beal and 
his associates who had collected the causal organism as long ago.as 1889. 
In face of repeated warning no work was done on the diseases and no 
explanations of the cause of trouble given publicity. In 1911 the evi- 
dence of great loss to the bean industry was apparent, but upon making a 
survey of the situation by visiting elevators and growers, it was plain to 
see that few if any knew the cause of “cull” beans. No control meas- 
ures were consistently followed by the farmers. The consensus of opin- 
ion was that spotted, blighted beans were caused by the weather. It was 
not uncommon in 1911 and 1912 for elevator men to send in samples and 
upon receiving reply to doubt the correctness of the diagnosis and ap- 
peal to the U. S. Department of Agriculture for confirmation. | When 
some of the leaders among the elevator men became impressed with 
the nature of the trouble they asked for help in the solution of the prob- 
lem. The appointment of a special investigator was the outcome of the 
situation. 

lt was seen that the disease was introduced each year with the seed 
and accordingly attention was focused upon seed treatments. In 1911, 
I had attempted disinfection by chemicals and by hot water, and had 
also attempted specific-gravity separations of healthy and diseased beans 
in order to clean the seed stock. This work had yielded promising re- 
sults. Spraying was tried and was found of no value. 

With the appointment of a special investigator, experiments on seed 
_ treatments were continued on a large scale. In spite of more than two 

years of effort we are not able to report any seed treatment which is 
worthy of recommendation. In such diseases as oat smut simple sur- 
face disinfection gives efficient results due to the superficial nature of 
the contamination. In the case of bean anthracnose and bean blight, 
the contamination has either penetrated deep into the cotyledons or 
else is beneath the skin and between the cotyledons. It is out of the 
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reach of any chemical so far tried. Hot water treatments, effective for 
wheat loose smut, fail to be practical in the case of the bean diseases, 
not only because of swelling of the seed coats when wet, but because 
the threads of the fungus and the blight germs are more resistant to 
wet heat than the bean itself,—the temperature which disinfects kills 
the beans. 

It is needless to say that such on outcome of several years’ work is 
discouraging, yet in the face of these results we are able to point out 
the value of the other lines of control undertaken. 

Very early our attention was called to the high yielding quality and 
the general cleanness of the Early Wonder Bean, developed from the 
progeny of one plant by Mr. Mansfield of Remus. The character of this 
bean and its behavior were outlined by Mr. Muncie in the report for 
last year. This strain was found to be exceptionally pure and true to 
the original type. Unlike the general run of field beans in the State 
it was not, as yet, badly mixed. This bean has been found to be a 
heavy yielder and while not disease resistant, it is disease escaping due 
to its extremely short ripening season. The Early Wonder beans ripen 
from 10 days to 2 weeks earlier, and produce 8 to 10 bushels more per 
acre than field-run seed. When it is remembered that with an ordi- 
nary season much of the staining and discoloration takes place the 
last few days of the season, the significance of even, early ripening is 
apparent. 

As a result of the efforts of the department this bean has been in- 
troduced in many bean-growing sections. In a two-year field test it 
has borne out its recommendation. While not perfect, it is safe to 
say that a replacement of Michigan seed stock by Early Wonder beans 
would cut the logs from bean diseases in two. There will be planted in 
Michigan next year about 1,000 bushels of Early Wonder beans. Each 
year the number of bushels of this seed available for planting will in- 
crease and the acreage likewise. The directional help given this phase 
of the bean work is going to give results. 

In 1914 a small quantity of Early Wonder beans were sent to a grower 
in western Washington. He reported an excellent crop practically free 
from disease. He saved seed and planted again in 1916. The yield 
from the beans the second year was estimated at 30 bushels per acre. 
The beans grown were free from anthracnose and almost free from 
blight. Field-run western beans of this test were cleaner than any 
table picked Michigan beans. 

The importance of dry summer pondpas in cleaning up seed stock 
being demonstrated, we have advocated the utilization “of this fact to 
clean up the seed stock for Michigan planting. It is necessary to send 
Michigan beans there for renovating, since native western seed when 
tried in our fields failed to ripen. Test quantities of Michigan beans 
have been sent to Idaho this year for growth under irrigation. This 
seed when brought back to Michigan should give fields cleaner than — 
those from ordinary handpicked seed. This extensive experiment is 
now under way in co-operation with the U. S. Department of Agricul- 
ture. We see great possibilities in the method. When beans can be 
grown so that without any handpicking they are better than our best 
handpicked seed, it would seem that we must utilize this great renovat- 
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ing method. It may be pointed out that the seed companies have long 
been renovating garden beans by exactly this practice. One of the large 
seed companies of the State has already grown Michigan beans in Idaho. 
About 100 bushels of this seed, which, without hand picking showed only 
5 slightly stained beans, probably blight, in a test sample of 2,000 seeds, 
have through the efforts of the department been placed in the bean 
growing counties of the State, for field test along with local seed. As 
a further check on this seed and on the Early Wonder bean, quantities 
sufficient for field test of northern grown and of clean picked seed have 
been sent out. The results of this experiment should show the correct 
practice for Michigan. 

The part of the Bean Disease investigation Which has borne the big- 
gest results is the educational work which was promptly undertaken. 
The department issued a popular bulletin teaching how to determine 
the diseases and emphasizing the importance of just as clean seed as 
possible. It offered to analyze bean samples and determine the percent- 
age of diseased and clean seed. Farmers and eleyator men have sent 
in to date more than 2,000 samples of beans for this testing. When we 
remember that a sample commonly represents many bushels, all of 
which are for seed purposes, the direct value of this phase of the bean 
disease work is evident. 

But the greatest value of the work comes from the education of the 
grower which has taken place. Before the inception of this work the 
belief was fixed that the trouble was sure to come if the weather was © 
wet. This opinion was firmly held not only by growers but by elevator 
men as well. Clean seed was good if you could get it, but the enormous 
superiority of clean seed was not realized. Bean Blight and Bean 
Anthracnose are now household words in the bean districts. Growers 
and elevator men can analyze samples and detect -unsafe seed almost 
as accurately as a trained plant pathologist. The former president of 
the Michigan Bean Jobbers Association is authority for the statement 
that the second year after the starting of scientific work on bean dis- 
eases by the College, the jobbers put on the market, for one season’s 
planting, more than 100 cars of choice carefully picked beans taken 
from the best stock obtainable. He stated that this was done to meet 
a demand from the growers who had been led to see the necessity of 
safe seed stock. The chief topic of conversation at bean jobbers’ con- 
ventions is clean seed for planting and where to get it. Elevator men 
are making every effort to have every farmer in their districts plant 
only seed which is safe. This change in attitude has come as a result 
of the propaganda directed by the College. It is true that the diseases 
have been severe,—the losses have raised the question and made grow- 
ers ready to listen. But these losses came years ago without any 
awakening of the growers and without any definite constructional 
work. It is evident that timely information consisting of workable, 
practical measures has started this great change in practice in the bean 
growing sections. 

Potato Work. Last year the Fusarium wilt project was established 
by the State Board. This work has been done by Mr. R. W. Goss. He 
reports satisfactory progress on the study of the fungus causing the 
disease. Attention has been concentrated on the clearing up of questions 
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of identity of the organisms isolated from various types of vascular 
discoloration. The net outcome of these studies has been to. show that 
Fusarium wilt is present in a large percent of our field stock and to 
enable us to diagnose accurately the symptoms found in light attack. 

By infection experiments with potato tubers at different degrees of 
humidity and at a range of temperatures, the fact has been established 
that Fusarium oxysporum is an important agency in causing tuber 
rots, but its activity depends upon high temperature and high humidity. 

The toxicity to the potato vine of filtrates from old cultures of 
Fusarium has been proved conclusively. Synthetic solution in which 
the potato Fusarium had been grown for some weeks was filtered from 
mycelium and spores by means of a Berkefeld filter. Cuttings from 
healthy vines when placed in this filtered solution wilt in less than 24 
hours, while checks in both distilled water and in sterile synthetic solu- 
tions remain turgid. These results are of far-reaching importance in 
contributing to our knowledge of the cause of the wilt produced by this 
fungus. 

The field studies with this disease have already yielded results of 
practical value. By plot tests, tubers which were freed from infection 
by cutting off diseased parts were compared with whole tubers and the 
superiority of the former has been conclusively shown. The infected 
butt-pieces showed a practical failure when planted. 

For ordinary agricultural practice this warrants the recommendation 
‘to reject a one-inch slice from the butt ends of potatoes in process of 

cutting for planting. This practice is being given a further test the 
present season. Mr. Goss is planning to complete the work on Fusarium 
wilt at the University of Wisconsin next year, in pursuance of studies 
for a higher degree. 

Celery Work. In the report for last year an outline of the serious 
soil disease of celery was given. This stunting disease has been studied 
during the past fiscal year and control measures on a still larger scale 
than previously tried were undertaken. One-third acre of infected soil 
was steamed this past spring and demonstration was made that, with 
equipment in good running order the steaming can be done at a cost of 
less than $150 per acre. This lowering of price per acre comes from the 
use of large steam pans. These large steam pans are arranged to be 
lifted by levers and moyed on wheels which run upon planking. Each 
pan coyers nearly 100 sq. ft. at one application. 

The celery work has now reached a stage where it can be successfully 
carried to the growers. We believed we are justified in beginning a 
campaign to lead owners to steam their fields where the infection is 
showing only in spots. These spots are of course a source of danger to 
the rest of the fields and it is only a matter of time until the disease 
completely infects the now slightly infected areas. 

Attention has also been given to the Septoria Leaf Spot disease of cel- 
ery commonly known as Blight. Study on this disease was carried on 
by Mr. Ezra Levin during the last summer. The work begun by him was 
completed in the winter and a special bulletin detailing the practical ap- 
plications of the work has been prepared and given wide distribution in 
celery-growing centers. The work on the Septoria disease was especially 
timely, since the late celery crop of Michigan was a practical failure last 
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year due to this disease. On a small acreage sprayed under the direc- 
tion of this department the cooperating grower saved a crop worth 
$1500. This bulletin has been printed in both English and Dutch edi- 
tions. Dr. Richard deZeeuw of this department kindly prepared the 
Dutch edition. 

A serious root fot of celery caused by an undescribed species of Phoma 
was discovered at Kalamazoo. The etiological relation of the Phoma 
has been proved. Further study of this fungus is now being planned. 

Completion of the celery project is contemplated for this next year, 
and it is hoped that funds will be provided so that the serious celery dis- 
eases can be investigated. 

The division is cramped for room, not only in laboratory but also in 
greenhouse. The growing needs of our work should be recognized in the 
building program of the College. 

Very respectfully, 
G. H. COONS, 
Research Assistant in Plant Pathology. 
Bast Lansing, Mich., June 30, 1916. 


NOTES ON MICHIGAN PLANT DISEASES FOR 1915. 


POTATO DISEASES. 


The peculiar inheritable malady of the potato known as Potato Mosaic 
was found very widespread in the Upper Peninsula. In one field 80% 
of the vines showed the disease, and the yield was cut more than half. 

Another disease of the same type was found at Manistique. A cer- 
tain shipment of Russet Rural potatoes has consistently thrown a num- 
ber of plants for the last two seasons showing a peculiar proliferation of 
the shoots. The potato vines lose nearly all their characteristic appear- 
ance and become stunted clumps made up of a great many wiry shoots. 
The leaves are so small, that the vines take on the appearance of a clump 
of chickweed. The disease differs from the spindling sprout disease de- 
seribed by Stewart, in that a sort of witch’s broom is produced instead 
of merely a.weak primary sprout. The tubers produced on a vine are 
small, and according to the testimony of a grower, reproduce a similar 
witch’s broom. 

Potato tubers injured by the rhizomorphic strands of Armillaria mel- 
lea have been found for the past two seasons on newly cleared soil 
planted to potatoes. This trouble is probably more of curiosity than a 
disease to cause serious loss. 

A rotting of potatoes in the field was found to be associated with a 
Phoma on the stem. The organism was cultured and found to be slightly 
pathoenic to potato tubers kept under ordinary laboratory conditions. 
The disease differs from that recently mentioned by Melhus. The causal 
organisms when grown in comparison cultures were found to be differ- 
ent. 

Last season much more than one-half of the potato crop was destroyed 
by the Late Blight. Data have been collected from potato shippers and 
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observers in nearly every potato county in the State. A conservative es- 
timate would put the money loss at $4,000,000 last year. This money is 
a total loss, except in so far as it directs attention to the greatly neg- 
lected work of potato spraying. The study of the epidemic of 1912 ($2,- 
000,000 loss) and the epidemic of 1915 as related to weather conditions 
has led to certain correlation with the weather and this is being pre- 
pared for publication. 

Cercospora concors one of the minor potato leaf-spot fungi, was dis- 
covered at Marquette, Michigan, last September. 

The discovery of the Powdery Scab at various points in Minnesota 
gave warrant to the suspicion that the disease was present in Michigan. 
The county agents in suspected districts were notified, but as yet, no 
case has been discovered. No thorough survey by a plant pathologist has 
been made, but the seriousness of the disease well warrants a careful 
search. 

Black Leg of potato continued serious in many fields of the Upper 
Peninsula. It was found doing much damage late in the season. In one 
field 25% of the vines were found diseased early in September. The dis- 
ease progressed in the wet period which followed until 75% of the vines 
were rotted. Potatoes from the same car which had been carefully 
sorted in the fall and again in the spring and which were treated with 
formaldehyde for scab gave a crop which showed less than 1% Black 
Leg. The soil in these two plantings were similar in kind and neither 
soil had had potatoes the previous year. The results of these plant- 
ings point to poorly sorted potatoes as a source of the trouble, and in- 
dicate a dispersion during the growing season. 

Black Leg was found in Kalamazoo, Kent, and St. Clair counties last 
year. It seems safe to say that it occurs only sparingly in the Lower 
Peninsula. The question is as yet unsettled as to whether the compara- 
tive freedom of the lower part of the State as contrasted with the wide- 
spread occurrence in the Upper Peninsula is due to climatic differences, 
or whether it is due to lack of introduction of the parasite. It should 
be noted that the Black Leg found in Kalamazoo county occurred on 
seed introduced from the north. 


GRAIN DISEASES. 


Urocystis occulta, a serious smut of Rye has been found by Dr.- Bes- 
sey. In one field 5% of the heads were found, by actual count, to be 
affected. The seriousness of this disease is as yet problematical. There 
is the possibility of its becoming as great a pest as oat smut. In a rye- 
growing state like Michigan such an occurrence would be a calamity. 
This disease illustrates the great need we have of facilities for initiating 
a vigorous careful survey to determine the seriousness and possibility of 
spread of such a parasite. Wheat scab was reported in Kalamazoo 
county as causing from 25% to 50% loss in affected fields. 


VEGETABLE DISHASKS. 


The onion crop last year was cut practically in two by an epidemic of 
Downy Mildew caused by Peronospora schleident. This disease and neck 
rot have been found by Mr. Munn of this department to be deciding fact- 
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ors in onion growing. In one storehouse at Wayland, Michigan, 2500 
bushels of onions shrank to 1200 bushels due to the ravages of the para- 
sitic Botrytis which causes neck rot. The survey of the onion crop was 
extremely important because up to date no definite information upon 
onion disease problems in the State was at hand. The information in- 
dicates a field for extension work. 

A pecular fruit rot of tomato has been observed at a Grand Rapids 
greenhouse for a number of years. It manifests itself by a blackening of 
the fruit, the blackening involving the skin and the tissues. It differs 
from the ordinary fruit rot in that it usually begins high up on the fruit, 
not at the calyx end. A yellow bacterial organism has been isolated and 
its pathogenicity proved. The organism seems to differ from Bacterium 
michiganense, especially in the fact that no wilting of the stem occurs. 
_ All evidence points to insects as the carriers of this disease in the green- 
house. Where insect depredations are uncontrolled the loss may be ser- 
ious. With good control the spread of the disease is slight and the loss 
negligible. 

Septoria lycoversici, the leaf-spot organism, caused a practical failure 
of the tomato crop in some sections of the State. 

Alternaria nigrescens, causing the leaf blight of muskmelon, continued 
as the serious enemy of muskmelon culture in the State. The crop from 
muskmelon growing centers was cut practically in two last year. The 
loss the preceeding year amounted to almost one-fourth of the crop. Mich- 
igan melons found no favor in the market due to their poor flavor. This 
lack of flavor was due to the leaf injury induced by this parasite. Severe 
attacks almost always occur on land where rotation is not practiced. 
The common history is that melons do well the first year or two in a 
new locality, and then begin to fail. A better planned cropping system 
coupled with timely spraying would undoubtedly save this young but 
promising industry from this annual loss. 

Cucumber diseases continued as serious as formerly. The loss from 
cucumber scab, caused by Cladosporium cucumerinum was found to 
amount._to $1,000,000 in the acreage controlled by one of the large pickl- 
ing companies. 

Bean diseases caused a loss amounting in the aggregate to $2,000,000 
last year, wet weather contributing to make the crop only one-half the 
normal size. The Phyllosticta phaseoli disease of cow pea was found in 
several fields last year. This occasioned some alarm since the lesion was 
thought by the growers of cow peas to be caused by the bean Anthrac- 
nose. The disease no doubt does some damage but does not cause a 
great loss to the crop. 

Black Leg of cabbage was found producing 100% loss in certain fields 
in Branch county. 

Sugar Beet root rot due to Corticium vagum sotani caused a 25% loss 
in poorly drained soil. Cercospora betae blighted many fields and in 
general reduced the crop several tons per acre. 

Red Clover leaf-spot due to Macrosporium sarcinaeforme caused 10% 
to 15% loss of crop in some fields last year. 
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MISCELLANEOUS DISEASES. 


The White Pine Blister rust which is now known from all the states 
surrounding Michigan has not yet been found here. The fact that large 
plantings of w hite pine have been made in the State, many of which 
were with imported seedlings, makes the presence of the disease in the 
State extremely probable. An accurate survey has not as yet been made, 
but the situation warrants such work. <A similar blister rust of West- 
ern Pine was reported from Grand Rapids, and on investigation the dis- 
ease was traced to seedlings obtained from the Roscommon nursery. This 
disease is probably not serious, due either to the scarcity or lack of com- 
mercial value of the hosts. 

Marssonina sp. was found defoliating Euonymous in the Botanical Gar- 
den, The disease has persisted a number of years but is restricted to the 
one species although the diseased tree is surrounded by other species of 
the genus. 

A complete killing of the tops of Peony by Cladosporium paconiae was 
seen at Adrian last year. Botrytis peoniae caused the death of many 
shoots in another plantation of peony in the spring of 1916. 

The Septoria leaf spot of Phlox caused failure of many beds of Phlox 
last year. 


Professor E. A. Bessey: 

Dear Sir—lI have the honor to submit the following report for the 
fiscal year ending June 30, 1916: 

Approximately three-fifths of my time has been devoted to Experi- 
ment Station work which has been carried on under the Adams fund. 
The appropriation for the past year was $500. This sum has been ex- 
pended for glassware, chemicals, labor,—both common and technical,— 
and special apparatus, necessary for the working out of the Adams 
fund problems, a statement of which is as follows: ‘The absorption 
of solutes, with special reference to balanced solutions. ‘ 

Attention has been directed during the past year to a study of ‘the 
possibility of working out, through the aid of our former studies on the 
laws governing absorption of water and mineral nutrients, a rational 
system of soil fertilization on the basis of balanced solutions. 

Work in the laboratory and greenhouse has shown: First, that, in 
the case of water cultures, a three-salt solution is eminently satisfac- 
tory for the growth of wheat and peas for at least the first five weeks. 
These salts are KH,PO,, Ca(NO,),, and MgSO,. They contain all the 
essential elements for growth except iron which is added in trace to 
the solutions. This three-salt solution gives better results than any 
of the many solutions using four or five different salts, and heretofore 
considered as suitable for nutrient solutions. 

Second, it has been shown that certain proportions of the three salts 
give better conditions for growth than other proportions. In a series 
of 36 cultures in which the total concentration remained the same 
throughout, but the partial concentration of the three salts was divided 
into ten equal parts, it was found that.the 5-3-2 proportion was best 
(5KH,PO,—3Ca(NO,),—2MgS0O,). The second best proportion was 3- 
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3-4 (83KH,PO,—3Ca(NO,).—4MgSO,). This shows that there is a. best 
or optimum proportion of salts, and not as formerly believed that the 
proportion could vary widely without apparent detriment to the plant. 

Still another feature of importance is the total concentration of the 
solution. Some may have a total concentration too weak to support 
life and. some too strong. <A certain concentration is essential, and 
this concentration determines the proportion of salts best suited for the 
plant under study. 

In applying these findings to soil culture it is readily seen that there 
will be many conditions less easy to control than in the case of water 
cultures. Studies have been made and are being continued to determine 
if possible what total concentration of the three salts and what propor- 
tion of salts will give the best growth in pure quartz sand, ordinary 
sand and soil cultures and what influence adsorption, soil grain size, the 
presence of chemicals, organic substance and other factors have on 
this concentration and proportion. 

As far as can be learned no other station is carrying on such a prob- 
lem. Its practical application and its universal value should make this 
investigation one of importance. The work has so developed, has opened 
up so many lines of study, besides showing the need of a restudy of 
certain phases, and has become so large that the need of technical as- 
sistance has been felt for the past two years, and especially so the past 
year. It is suggested therefore, that two half-time graduate assistant- 
ships or one full-time assistantship be established, these students or this 
assistant to devote the time to the study of some phase of the general 
problem. 

Preliminary studies have been made and more extended ones are be- 
ing instituted to determine if possible what salts and what proportion 
of salts are needed to improve the soil solution for plant growth. The 
soil solution is obtained by the pressure method. This work is done in 
cooperation with Mr. Morgan of the Soil Bacteriological division of 
the Bacteriological department who is to supply the soil solution. 
These studies should indicate what to do with “sick” soils from which 
the soil solution has been pressed. 

Other problems are pressing, such as (1) Physiological studies of the 
effects of poisons on plants with reference to their use in the eradication 
of Canada thistle, wild mustard, etc., from fields, (2) Nutrition as relat- 
ed.to physiological diseases, and (3) the water requirement of plants 
with special reference to the period of growth in which the most water 
is necessary, the effect of nutrients on water requirement and the power 
of the soil to supply moisture to the plant. In regard to this latter 
phase a simple and efficient method has been devised to study this rela- 
tion between the soil moisture and the growth of plants in the field. 
This work was done under my direction by O. E. Harrington as a minor 
requirement for the M. S. degree. The paper will soon appear in 
Physiological Researches under the title “Depression of the freezing- 
point in triturated plant tissues and the magnitude of this depression 
as related to soil moisture.” 

The effect of a nutrient solution lacking one element on photosynthesis 
in corn and cucumber plants has been studied with the result that 
many interesting facts have been obtained and new lines of investigation 
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opened up. It might be mentioned here, that this study has shown, that 
the general assumption that the amount of photosynthate made in leaves 
is an indication of vigor, is far from true. The work was done by O. 
M. Gruzit as a minor requirement for the M. 8. degree. A preliminary 
report on this work was given at the last meeting of the Michigan 
Academy of Science. It has seemed advisable to withhold publication 
for the present until the new phases opened up are more. thoroughly 
studied. Mr. D. A. Seeley has had under investigation as a major re- 
quirement for the M. 8S. degree the problem of “Michigan Climate and 
Plant Growth.” 

Owing to an abundance of manuscripts to appear in the American 
Journal of Botany the publication under the title “The question of the 
toxicity of distilled water” referred to in my last report was not pub- 
lished until the October number. A paper entitled “A simplified appa- 
ratus for measuring the conductivity of electrolytes” in co-authorship 
with Professor C. W. Chapman of the Physics department, was issued 
by the Station in November as Technical Bulletin No. 25. 

The rest of my time, approximately two-fifths, has been taken up 
with instructional work both in the undergraduate and graduate de- 
partments. With the able assistance of G. R. Johnstone I have had less 
to do with the laboratory work directly than before. However, the 
lectures, special problem work in the winter and spring terms, and the 
general direction of the physiological work has rested on me. 

The recommendations of the last two reports in regard to crowded 
conditions in the Station botanical laboratory the advisability of segre- 
gating the two branches of research,—plant physiology and plant path- 
ology,—and the need of additional greenhouse space may be repeated. 

Thanking you for another year of generous assistance, helpful advice 
and loyal support at all times, I am 

Very respectfully, 
R. P. HIBBARD, 
Research Assistant in Plant Physiology. 


Dr. E. A. Bessey: 


Dear Sir—I submit at your request a report of the work done during 
the past year. This work was carried on entirely under the State 
fund of the Experiment Station. A leave of absence was granted me 
to complete the graduate work for the Masters’ degree at the Agricul- 
tural College of Cornell University. This leave extended from February 
5th to May 5th. 

As heretofore, my work has been chiefly upon control measures for 
the Anthracnose and Blight of beans. We have continued the testing 
of an early maturing, disease escaping, variety of beans and secured 
data from various localities of the State regarding its behavior under 
weather conditions favorable to the disease. The growing of Michigan 
beans under irrigation conditions in the western states as well as the 
testing of such seed in this State is being carried on. The value of 
“elean picked” seed and Anthracnose “resistant” red kidney beans is 
also being demonstrated. To give these various kinds of seed a 
thorough test, they are being grown in cooperation with the county 
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agents, growers and bean jobbers in fourteen counties. One acre is 
planted in each county. On this plat are grown Early Wonder, Idaho- 
grown Michigan and Clean Picked seed. These experimental plats are 
located in the following counties: Eaton, Grand Traverse, Gratiot, 
Genesee, Huron, Ionia, Kent, Livingston, Mecosta, Newaygo, Oceana, 
Saginaw, Sanilac, and St. Clair. In all there are twenty experimental 
plats. On the College experimental plats these experiments have been 
duplicated. 

Special stress is being laid upon the investigation of the means of 
dissemination of the bean Anthracnose and Blight organisms under 
field conditions. 

Seed treatment with chemicals, hot water and dry heat have in the 
main proved unsatisfactory. In most cases, when the fungicide strong 
enough to kill the organisms penetrates to the deeply imbedded fungus 
mycelia or the bacteria, it also kills the bean seed. One chemical em- 
ployed seems to promise more satisfactory results and further tests 
are being made with it. 

In connection with the graduate work done, during leave of absence, 
the results show that for the seed treatments employed, there was no 
effect upon the susceptibility of the plants to disease. 

For the past two seasons, a stem disease of beans has caused serious 
damage to the crop. This disease attacks the stem at the first node, 
girdling it and causing the plant to fall over. This breaking over is 
usually seen when the beans are about half mature. This disease is be- 
ing investigated and inoculation experiments both in the greenhouse 
and field have been started. 

Some work has been done with a leaf-spot disease of greenhouse 
geraniums. This leaf spot seems te be of common occurrence. The 
causal organism, a species of Pleospora, has been isolated and its path- 
ogenicity established. Cross inoculations with species of Ascochyta 
from Vetch, White Sweet Clover and Pea are being carried on prelim- 
inary to a more thorough study of these diseases. 

Very respectfully, 
J. H. MUNCIE, 
Assistant in Plant Pathology. 
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REPORT OF THE CHEMIST. 


Director R. S. Shaw, East Lansing, Mich.: 

Dear Sir—lI herewith submit a report. of the Chemical division for 
the year ending June 30, 1916. 

The work of “the Division is now sharply divided between the control 
or inspection work and the research problems being carried on under the 
Adams and Hatch funds. Owing to the immense amount of detail in- 
volved in the inspection work the writer has been obliged to turn over 
to Mr. Robinson, the supervision of all the problems under the Adams 
fund and his review of the year’s work is made a part of this report. 

Mr. O. B. Winter, who formerly has been connected with the inspec- 
tion work was advanced to the position of Research Chemist and now 
devotes his entire time to problems under the Hatch and Adams projects. 
Mr. Ove Jensen resigned September ist, 1915, to take up advanced 
studies at the Iowa Agricultural College. 

The following appointments have been made during the year: 


KE. F. Berger, Sept. 1, 1915, Assistant Chemist. 
KE. J. Miller, Sept. 1, 1915, Assistant Chemist. 
A. E. Smoll, Jan. 1, 1916, Assistant Chemist. 
Wells Sizer, Jan. 1, 1916, Inspector. 

F. F. Hebard, Feb. 1, 1916, Inspector. 

C. F. Barnum, Feb. 10, 1916, Inspector. 

C. R. Cady, March 1, 1916, Inspector. 


Mr. Sizer resigned April Ist and Mr. Cady on May Ist. 


CONTROL WORK. 


Fertilizer et ee During the year 303 brands of fertilizer were 
licensed for sale and 358 different samples were analyzed. A fall collec- 
tion was made for the first time which resulted in our finding a number 
of unlicensed brands being offered- for sale. On account of this extra 
work the publication of the annual fertilizer bulletin was delayed until 
after January Ist. The result of the fall collection justifies the expense 
involved and in the future this plan will be followed. 

In December, 1915, The Mineral Fertilizer Co., Chicago, Illinois, ap- 
plied for a license to sell their Nu-Life Fertilizer in the State. They 
complied with all the requirements of the law and a license was accord- 
ingly issued to them. No shipments were made until early spring, when 
several cars were sent into the State and a whirlwind campaign was 
inaugurated to dispose of them among the farmers at $30.00 per ton. It 
was advertised to be basic-slag and to possess wonderful fertilizer prop- 
erties. Upon analysis, however, we found it to be a mixture of rock 
phosphate and a material which resembles, both in appearance and chem- 
ical composition, the slag from an open hearth iron furnace. Further, 
our examination shows that 85% of the phosphoric acid contained in 
the mixture is derived from the rock phosphate. By personal corres- 
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pondence with a number of dealers the sales were quickly checked and 
probably very little has actually been sold. 

This experience reveals a weak point in the fertilizer law, in that it 
allows the administrative officer no discretion in the issuance of licenses. 
Any manufacturer or dealer wishing to sell a material as a fertilizer, 
by filing the required copy of the analysis and certificate together with 
a sample of the article, is entitled to receive a license upon payment of 
the fee. Furthermore, no authority is given for revoking a license when 
it is proved that the material being sold is purely a fraud. Under the 
present condition publicity through the press and personal correspond- 
ence is our only recourse, since if we wait for the publication of the bul- 
jetin the information reaches the farmer too late. 

In order to meet such conditions, the law should be revised, if possible, 
at the next session of the legislature. 

Insecticide inspection: \A bulletin giving results of the inspection of 
insecticide and fungicide samples collected during the spring of 1915 
was published during the year. A collection of samples has been made 
during the past few weeks and the analytical work will be started at . 
once. Some infractions of the law have been found but in most instances 
it has been wholly through ignorance of its provisions. 

Feeding Stuffs Inspection: At the last session of the legislature the 
Administration of the Feeding Stuffs law was transferred from the 
Dairy and Food Commissioner to the State Board of Agriculture and 
this office was placed in control of the work. The law effecting the 
change became operative the latter part of August, 1915, but as no funds 
were transferred nothing could be done until a sufficient amount had 
been accumulated from the issuance of licenses. The collection of sam- 
ples was begun the first of January, and by temporarily employing extra 
inspectors the whole State was covered in about four months and nearly 
1200 samples were collected. The analytical work is now about com- 
pleted and it is hoped to have the bulletin ready for publication before 
the fall collection begins. - 

By a cooperative arrangement with the U. 8S. Department of Agricul- 
ture the writer was appointed a commissioned State official, under the 
Federal pure food and drugs act, with authority to collect samples of 
feed from interstate shipments and refer the same to the Federal in- 
spection laboratory at Chicago. This authority was also vested in our 
inspectors and 31 samples of low grade cottonseed meal were referred to 
the Federal authorities for action against the original shippers. 

Objection was raised by the State millers in regard to our ruling re- 
quiring a license on Wheat Bran with ground screenings not exceeding 
mill run and Wheat Middlings with ground screenings not exceeding 
mill run. The law states plainly that wheat bran and middlings when un- 
mixed with other materials are exempt. The millers claim that it is im- 
possible to clean the wheat of all foreign material and that the bran 
and middlings will always contain some screenings. We contend, how- 
ever, that the amount of screenings left in the wheat as it goes to the 
rolls, under modern milling processes, is necessarily very small, and con- 
sequently the amount of screenings occurring in the bran or middlings 
should never be more than one or two per cent. Such an amount would 
be negligible. 
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Examination of a large number of samples of both bran and middlings 
showed the amount of screenings to vary from less than 1% to 30% 
with the majority of the samples containing over 2 per cent. 

It is our opinion that the presence of screenings in either bran or mid- 
dlings in excess of 2 per cent is an indication that the screenings were 
first separated from the wheat and later mixed with the bran or mid- 
dlings. Such a practice is a form of adulteration and the products so 
prepared should be classed as mixed feeds, and, as such, be subject to 
the provisions of the law. The large millers of the Northwest and. other 
states have, in no instance, taken exception to our ruling on this point. 
The Attorney General has also supported our ruling in an opinion 
handed down on this point. 

In several instances the exact meaning of the law is not clear, espec- 
ially in Section 2 which defines the term concentrated commercial feed- 
ing stuffs. The law should be amended at the next session of the legisla- 
ture. 


HATCH FUND. 


The study of the factors causing disintegration of cement drain tile 
has been finished and the results have been published as Special Bulletin 
No. 75. Some further work has been done during the year on certain 
phases in connection with the manufacture of impervious tile. The in- 
vestigation has now brought to a close. 

Definite results are looked for this year, from fertilizer experiment 
being conducted in conjunction with the Horticultural division, in the 
orchard of J. E. Merritt, Manistee, Michigan. The experiment was first 
started in the peach orchard in the spring of 1914 and the trees should 
bear a good crop of fruit this year. The writer visited the orchard Oc- 
tober Ist, 1915, and took careful measurements of all the trees in each 
plot and those fertilized with nitrate of soda averaged 1.5 inches larger 
in circumference one foot above ground and 12 inches taller than those 
not receiving nitrate of soda. Phosphoric acid and potash have appar- 
ently been of no influence as far as growth of the tree is concerned. The 
effect of the fertilizer treatment has not been so apparent where applied 
to cherries and apples. 


ADAMS FUND. 


The addition of the services of two men, Mr. O. B. Winter and Mr. E. 
J. Miller, to those formerly engaged in work on Adams fund projects 
has made possible the accomplishment of a great deal during the past 
year. 

One stage of Project 2b, “Adsorption in Relation to Soluble Fertilizer 
Salts” has been completed and the manuscript is now undergoing final 
revision before being presented for publication. The work described in 
it is a continuation of that reported in Technical Bulletin No. 19. It 
constitutes a valuable addition to our knowledge of the nature of soil 
acidity and the effect of applying various soluble fertilizer materials to 
soils. 

The work under Adams 2ba, “The Organic Nitrogenous Compounds of 
Peat Soils” has been continued as outlined in the last report. More 
work than was originally planned has been done on the quantitative 
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study of the various forms of nitrogen in peat and the publication of the 
results has been delayed thereby. The work has been finished, however, 
and the manuscript is being prepared. 

The extension to other organic materials of the method of studying 
the nitrogen compounds of peat has been started and data has been ob- 
tained on the composition of the organic base goods used in the manu- 
facture of fertilizers. 

The first series of experiments on the study of the composition of the 
drainage waters from soils treated with various materials has been com- 
pleted and the manuscript is in course of preparation. New work has 
been started along this line to determine the effect of liming peat and 
muck soils. 

A manuscript describing the preliminary work on Adams 2e, “Ad- 
sorption in Relation to Osmosis in Soils” is nearly complete. The work 
under this project has shown that so called osmosis is a complicated 
process and that it may be of considerable importance as a factor in soil 
fertility. 

MISCELLANEOUS. 


One hundred and seven samples of a miscellaneous nature have been 
analyzed during the year, and in addition, a large number of marl and 
limestone samples have been examined as to their value for applying 
to acid soils. 

As referee on the subject of Inorganic Plant Constituents for the 
Association of Official Agricultural Chemists the writer has done con- 
siderable work on methods of analysis and other members of the staff 
have collaborated on methods of analysis along other lines. 

The usual course of lectures on Fertilizers was given to the short- 
course students in Horticulture and General Agriculture. 

Respectfully submitted, 
ANDREW J. PATTEN, 
Chemist. 
Kast Lansing, Mich., June 30, 1916. 


REPORT OF THE ENTOMOLOGIST. 


Director R. S. Shaw: 


Dear Sir—Following is a brief report of the work of the Division of 
Entomology for the year ending June 30, 1916. 

The year was made notable by the most serious invasions ever known 
to the writer, of two insects, viz., the bean-maggot, and the red cherry 
leaf-beetle. The former insect was studied and a bulletin was presented 
by Mr. Don B. Whelan, to whom this pest was assigned. Mr. Whelan 
succeeded in finding out the conditions under which this pest thrives 
and the methods of avoiding its attacks. The whole matter is discussed 

in Circular No. 28. . 

The work of rearing the parasites of the San Jose Scale has pro- 

gressed somewhat, several additional species of parasites having been 
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added to the list already on hand. There is also evidence that the 
work of these parasites in some restricted area has been effective enough 
to be distinctly felt, although not sufficient to warrant even considering 
a change in our spraying policy. 

Our attempts to introduce the European parasite of the Tamarack 
Saw-fly have apparently failed and the attempt is to be discontinued 
until we are able to secure more material from Europe. 

An attempt to locate the cause of injury to peaches in southwestern 
Michigan led to some measure of success, although much remains to be 
done in devising means to control the pest. 

A new project was started in the spring to determine the compara- 
tive insulating values of several of the more commonly employed sub- 
stances as fillers in double walled bee-hives. These substances are being 
tested by Mr. G. C. Woodin in comparison with dead air spaces and 
with each other, at the request of some of those interested in the 
manufacture of bee-keepers supplies. 

Dr. G. D. Shafer, with the publication of Technical Bulletin No. 21 
on “How Insecticides Kill,” has discontinued active work on that project, 
(4b) and has started work on project (4c), a study of the factors which 
govern mating in the honey-bee. The preliminary work on this project 
is progressing favorably. 

Many insect pests have been received and reared in the course of the 
year. 

Respectfully submitted, 
RY By Peer 
Entomologist of Experiment Station. 
Kast Lansing, Mich., June 30, 1916. 


REPORT OF THE HORTICULTURIST. 


Director R. S. Shaw: 

Dear Sir—I herewith submit the report of the work in Horticulture 
for the year ending June 30, 1916. 

Much of the horticultural work has consisted of a continuation of 
the experiments referred to in previous reports although this work has 
been considerably increased due to the addition of another member to 
the Experiment Station force during the past year. Mr. H. J. Bock 
was employed January 1, 1916, as an experimental assistant in horti- 
culture to work particularly on the subject of bud variation and selec- 
tion and has also undertaken other lines of experimental work in 
pomology. 

Of the experiments previously reported, those upon spraying have 
been considerably enlarged upon due particularly to increased facilities 
for performing these experiments and to the increased demand for work 
along these lines. At the present time, in addition to the spraying ex- 
periments on fruits and potatoes that are being carried on at this place, 
we are making rather extensive spraying experiments with the various 
dust sprays now being recommended by some commercial concerns, 
particularly at the Strange orchard at Grand Ledge and at George 


EXPERIMENT STATION REPORTS. 283 


Winegar’s orchard at Morrice. Many commercially prepared sprays 
are now being offered on the markets for use by our fruit growers and 
we find it necessary to test these before recommending them as desirable 
sprays to use. The increased cost of spraying materials due to the present 
abnormal condition of the market for many of these. has also made it 
necessary for us to ascertain how weak many of these sprays may be ap- 
plied to prove efficient while in former years it was rather a question 
of how strong they could be used without injuring the fruit or the 
foliage. 

Our experiments along the lines of commercial fertilizers for tree 
fruits, thinning apples and freezing experiments on fruits are being 
continued as outlined in previous reports. 

In addition to these, we have started some very important experi- 
ments along the line of critical temperature studies on the various 
fruits during their development in the spring, starting just before the 
blossoming period when fruits are susceptible to slight freezes and fol- 
lowing through this dangerous period of their development until after 
danger of spring frosts has past. These experiments, we hoped to cor- 
relate with some outdoor tests in orchard heating but unfortunately, 
‘no severe frosts occurred during this period the past spring. 

With the wonderful collection of varieties of fruits available at our 
South Haven Experiment grounds, we are now beginning to make 
studies on the inherent characters of these varieties in crosses. Mr. 
Bock has been engaged in making crosses of all the fruits during their 
flowering periods ‘and seeds of these crosses will be saved for future 
work. After these characters of our standard varieties have been as- 
certained, we will have a foundation for intelligent work in improving 
by crossing our present standard varieties. 

On the farm of Mr. George Low at Bangor, Michigan, we have made 
a number of grafts on Concord grapes with the important commercial 
varieties of Vinifera grapes such as are at present grown in California. 
It is our plan to protect these vines during the winter by burying the 
canes in the soil. If such varieties can be grown successfully and pro- 
tected economically, it will prove a great addition to the fruit industry 
of this State. 

Records have been obtained for two seasons on the bearing habits of 
Spy trees in the orchard of Luther Hall, of Ionia, and of Baldwin trees 
in the orchard of B. F. Hall of Belding. This work is being carried on 
in cooperation with the Office of Pomological Investigations at Wash- 
ington. Records are kept of each tree as to size, yield and peculiarities 
of the fruit. This work we are continuing and hope also to carry on 
with grapes and other fruits. 

Records have also been kept of carnation plants and cuttings of 
several standard varieties have been gathered from the various florists 
in this State to determine if there is any benefit in taking cuttings for 
propagation from plants which have borne a large number of good 
quality flowers. We hope to enlarge upon our experiments with green- 
house crops in the near future when our new greenhouses are erected. 

Respectfully submitted, 
Cab. HALLIGAN, 
Acting Horticulturist. 
East Lansing, June 30, 1916. 


284 STATE BOARD OF AGRICULTURE. 


‘REPORT OF THE SOUTH HAVEN SUB-STATION. 


Professor C. P. Halligan: 

I submit this report of the South Haven Sub-Station for the year end- 
ing June 30, 1916: 

A considerable increase in experimental work has been planned and 
is being carried on this year. Plant breeding and spraying experiments 
constitute the bulk of our endeavor and it is hoped to continue along 
this line of work for a series of years. 

H. J. Bock of the Experiment Station staff has spent considerable 
time this spring cross pollinating fruits included in our collection. It 
is always possible to improve those varieties now in favor and to attempt | 
to secure new sorts that may prove to be commercially important. His 
work includes the crossing of peaches, cherries, plums, apples and 
grapes. 

He has also conducted critical temperature experiments with fruits 
in their various stages of growth. By subjecting these fruits to differ- 
ent freezing temperatures in their various stages of growth, information 
is gained upon their susceptibility to low temperatures. 

W. F. Wight of the Bureau of Plant Industry, recognizing the value 
of our collection of pears, has made extensive crosses with them this 
spring. Possessing the foresight from considerable experience in this 
work, very interesting and valuable results are anticipated. He has 
introduced pollen from pears that he has developed that possess, to a 
remarkable degree, many desirable characteristics. 

Our spraying experiments started this year, include investigations on 
controlling San Jose scale, diseases of plums, peaches and grapes and the 
codling moth of apples and pears. In this work, some of the newer 
commercial spray mixtures are being used in comparison with those 
now generally accepted to be the most suited for average conditions. 

In general, fruit conditions and prospects are about normal, though 
some reports have been received that cherries especially did not set 
well, cutting down the crop promised at blooming time. ‘To some ex- 
tent, plums have suffered in like manner. This has been especially true 
in our own orchards. Numerous cherry and plum trees that bloomed 
profusely did not set one-third of a crop and in some cases even a lower 
percent of a crop. 

Peach leaf curl seems very prevalent this spring on most all suscepti- 
ble varieties and in some instances has developed very extensively. In- 
vestigation indicates that the trouble has been due, in a great meas- 
ure, either to a failure to spray at all or to apply the mixture at the 
proper time. Growers that make a business of proper spraying state 
that unfavorable weather conditions seriously hindered spraying at the 
proper time. On trees that were sprayed at the proper time, leaf curl 
is less evident than those that received the application a little late. 
It seems quite evident that the cold, wet spring has been very favorable 
to the development of this fungus. 

The aphis situation is quite favorable at the present time. Growers 
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have been more efficient in controlling this insect and in most cases, 
very good results have been reported by including the contact spray for 
aphids in the scale preparation. Later applications for this insect 
have not been so successful and only in a few cases, necesary. It is 
quite possible that aphis parasites have increased in sufficient numbers 
to render their aid in its control. 

Our equipment needs many additions without which best results can- 
not be secured. The buildings are badly in need of repair; a small 
laboratory and greenhouse would be valuable additions and would in- 
crease our field of experimental work. 

Respectfully submitted, 
I. R. NOTEWARE, 


Superintendent. 
South Haven, June 30, 1916. 


REPORT OF DIVISION OF FARM CROPS. 


Director R. S. Shaw: 


Dear Sir—I have the honor to submit the following report for the 
Division of Farm Crops for the year ending June 30, 1916: 

The testing of varieties of corn has been continued as heretofore, and 
data accumulated from this experiment and the cooperative corn tests 
about the State are of value in determining the choice and adaptation 
of different varieties to different sections of the State. It is planned 
to publish the results of this experiment before another planting sea- 
son. In addition to the value of this work as an Experiment Station 
project, it has been of much value as a means of furnishing material 
for our students in the study of types, adaptation, variation, maturity, 
etc., of corn. 

The rotation, fertilizer and manure experiments have now been in 


progress for five years, the more important data secured being given in 
the following tables: 


TABLE I.—Results of Application of Fertilizer to Wheat in Corn, Wheat, Clover Rotation, 1911-15 


Average Average 
Average yield yield corn 


yie clover (3 crops) | Value of | Gost of | Net. value 
Treatment per acre. Pigile (3 crops) | second Speake treat- of in- 
aft pe after | yearafter | , ati ment, |) 2cas2 Der 
fertilised, | fettilized | fertilized | TO¥4/00- ee 
; wheat. wheat. : e 
} 
INGETOLEUIZer... Sars. aie-s, a28, ib 2 zt 21.38 1.61 TEC] NGM LOS ected el havea angie aed ee ead 
75 lbs nitrate of soda..... 
200 lbs. acid phosphate.... 34.28 2.03 43.7 $19 24 $5 73 $13 51 
ihe Pe nears oS ay : 
8. nitrate of soda..... 
200 Ibs. acid phosphate. ye: 29.96 1,95 40.1 12 03 3 85 8 18 
s. acid phosphate.... mae 
75 lbs. muriate of potash.. 31.68 2.03 42.8 16,27 3 48 Leer Aas) 
200 lbs. acid phosphate...... 27 .68 1.98 40.0 10 21 1 60 8 61 
100 be feats nee |] 25.86 | 1.88 | 40.0)! eso} 125/ 455 
COOMBS SHOALS ee ole hess ark 25.06 1.88 40.0 6 85 90 5 95 
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In compiling these data none of the yields of individual plats were~ 
assumed to be in excess of those from other plats receiving the same 
and additional fertilizer ingredients. 


TABLE II.—Results of Application of Manure and Fertilizer to Corn in a Corn, Wheat, Clover Rotation, 


1911-15. 
Average 
Average yield of 
yield of wheat (4 *Net 
corn (4 seasons) value of 
Treatment per acre. seasons) first year manure 
after after per ton. 
manure. | manured 
corn. 
No manure or fertilizers sti cede ee eee 41.7 20.7 |2 canes 
Oo VORS) Yard Manure? fy 2). Sor a: ayepe.i MER BE eee ore 26.7 $2 68 
5: tons stall manure. 6.7..: Veet. eae eee ee eee ee 550 27.4 3.15 
5 tons stall manure and 200 Ibs. acid phosphate................ oles 41.7 6 26. 
5 tons stall:manure and-200 Ibs) floats An: se. ol) st.. oe eee 60.2 31.0 4.26 
LO tons stall manures ti. eee eee Oe ie ake 66.5 38.0 3 29 


*Figured from the increase in yields of corn and wheat only. The natural differences in the soil 
have to a certain extent entered into the yields of clover and these are not included in the above data. 
It may be said, however, that the average yield from all the manured plats has been .56 tons above 
the unmanured plats which would add about $1 per ton to the value of the manure. ; 


TABLE III.—Results of Top Dressing and Plowing Under Manure for Wheat. 


Average 
- Average a 
| Average yield of yield of 4 
yield of corn (3 Value o 


| wheat (5 | Clover (3 | seasons) | manure 


Treatment. seasons) parry | second per ton. 
after aianned tee after 
manure. WHat manured 
7 wheat. 


INGMHANIITG % coh een tes aT AGE. oe eae eee 


25.2 : 
EOD GLESSIN EM. tryst ato ar Ae chee Lee ee 38.4 2267 42.9 $5 54 
Manure turned under 41.7 
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TABLE IV.—Average yield and calue of crops grown in rotation, 1911-1915. 
| | 
‘ | Average 
: Average yield per acre. d 
Rotation. | Gravina bushels. | Loita 
| Beets and hay in tons. | crops. 
Small 
Corn grain Hay. 
EEO AIR AGLOVGDS noes aierice te Seals ee shave.» cle Soscieys mveranece 38.4 46.7 1.26 | $19 39 
DSU EVO CIOV ELI Strath e cke «susie e's lets sic oe rus Sistele Ris vac] 41.5 Diff oi 1.47 | 21 36 
RU GI WHER ClO VERE = ake carsiaVa efeneye/s Sh ouece, bi (0 '0\ 6.500. Oe .o | 39.8 25.2 1.39 21 48 
CGEM WHE AL tIMNO LIV 5% ceric ccdhs wit us ales siecstsus se ecaeio | So 22.6 1.41 20 23 
| Beans 
BOEING ANCHO Cheb Wemeiea apni Oo Hpmonodior pine | 15.6 28.5 .26 21 85 
GANS TOA LS CLO MEL rei cleat a ote icia sa velere oft a teue: sve | PASE 42.3 1.40 | Wy ag (7 
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In the application of commercial fertilizer to wheat in the corn, wheat, 
clover rotation (Table I) the largest yields and the largest net value 
of increase have been secured from the application of the complete 
fertilizer. In this case an investment of $5.73 in fertilizer resulted in a 
crop increase value at $19.24 and a net profit of $13.51. The use of 
acid phosphate and muriate of potash have given nearly as much profit, . 
viz., $12.75. On the farm to which more or less manure is applied this 
treatment would probably show a greater relative profit. The use of 
the acid phosphate alone has given a slightly larger net profit than the 
use of nitrate of soda and acid phosphate. The acid phosphate has 
produced better results than the floats or raw phosphate, although the 
latter have shown a good profit. . 

It is of interest to note (Table II) the large increases in the yield 
of corn and wheat by the use of the manure and the high values placed 
on manures based on the increases in the two crops only. These values 
are very much above those usually placed by farmers on their stock 
manures and indicate strongly, as do also the relative values of the yard 
and stall manures, the importance of conserving the manure produced 
on the farm. The stock manure is not, however, a well rounded manure 
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as it contains a relatively small amount of phosphoric acid. When this 
deficiency is corrected by the use of two hundred pounds per acre of 
acid phosphate the increase has been sufficient to pay the cost of the 
fertilizer and nearly double the value of the manure. Michigan farm- 
ers have generally paid little if any attention to this point. If the 
practice of reinforcing manure with phosphate should be generally 
adopted, it would no doubt result in materially increasing crop yields 
of the State. 

In Table IV are given the average yields and the average annual 
values of various crops grown in rotation. Many valuable lessons may 
doubtless be drawn from this part of the experiment, especially after 
the experiment has been carried on for a few more years and statistics 
on the cost of producing the various crops have been obtained. The 
average yields of crops grown continuously on the same plats include 
those grown the first one or two years of the experiment, which were 
fairly large. In the last few years the yields on plats devoted to con- 
tinuous culture of the same crops have come to a very low average, in 
some cases being far below the cost of production. Difficulty has been 
experienced in securing a stand of beets on the plat devoted continuously 
to this crop, many of the beets dying after germination. 

This experiment is now in its its sixth year, which will complete the 
second round of the rotation. This is a favorable time to consider the 
results in view of any possible changes that may seem necessary in 
carrying out this experiment. The difference in natural fertility in 
some of the plats has been a disturbing factor in the experiment. How- 
ever, by use of the check plats and the triplication of the plats this 
factor has been largely overcome. It is believed on account of the 
residual effect of the manure and fertilizer these treatments will win 
out even against the natural differences that exist in plats. 

More irregularity has been manifested in the yields of clover than 
in the other crops and this may be attributed in a large degree to the 
lack of lime. In 1912 ground limestone was applied at the rate of two 
tons per acre on the north half of all the plats in two of the series. 
Little effect of this treatment could be observed in 1912, 713 and 714, 
but in 1915 a rather marked effect was noticeable in the clover and 
the same condition may be observed in the 1916 crop. The clover on 
the limed portion of the plat has been of a much larger, thicker and 
more even growth and more free from weeds, especially sorrel. The 
' difference between the limed and unlimed portions has been more mark- 
ed on the fertilized plats than on the unfertilized and less marked on 
the manured than on the unmanured. It is planned to make a fairly 
liberal application of lime, with the possible exception of one or two 
plats in each series as a check on this point. Additional tile drainage 
is also required on some of the plats. 

This experiment was planned mainly for the purpose of determining 
the best rotations and the best farm practices in regard to use of 
manures and fertilizers. However, on the average farm some manure 
or other organic matter is returned to the soil while in many of these 
plats nothing has been returned and doubtless on account of this some 
of the crop yields have not been as large as we would desire. It may 
be best to make such an application of manure to the rotation plats oc- 
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casionally as would return the organic matter removed by the crop and 
approach as near as possible to general farm conditions. Other mem- 
bers of the Station Council will be consulted in regard to this matter 
and I shall endeavor to arrive at some plan, if thought best to make any 
change, that may be put in operation in 1917 and may be followed in- 
definitely. 

It is also planned to extend this experiment to include some fertilizer 
and manure work with beans and sugar beets. These two crops are 
more or less distinctive in Michigan agriculture and are cash crops 
which usually give good returns from the use of fertilizer, but in re- 
gard to fertilization of which we have very little experimental data. 

Plans are also being made for starting other lines of investigation 
which will be of value to Michigan agriculture. 

Mr. Eugene E. Down has been appointed as Station Foreman and 
Station Assistant in Farm Crops, taking charge of his work April 1, 
1916. 

The crop improvement work of the division has been under the able 
direction of Mr. Frank A. Spragg. The appended report which he has 
made to me should be included as a portion of the report from this 
Division. 

ae Respectfully submitted, 
V. M. SHOESMITH, 
Farm Crops Experimentalist. 
East Lansing, Mich., June 30, 1916. 


ie br 
ey, 


REPORT OF CROPS BREEDER. 
Professor V. M. Shoesmith: 


Dear Sir—The crop improvement work of the year has continued the 
older lines of work that were not complete, and undertaken as much 
new work as the resources at hand would permit. 

The season of 1915 was exceptionally wet and with it came new 
problems. The difficulties of harvesting detained operations and the 
winter crops were not planted in time. The small growth that the 
wheats made last fall, coupled with the open winter that at times al- 
lowed the plants to grow before freezing up again, has resulted in ex- 
tensive winter killing. Thus, the winter has proven to be nearly as 
severe as the cold winter of 1911-12, with the same beneficial results, 
i. e., a new variety of wheat is attracting considerable attention because it 
is outstandingly vigorous. It is a strain originating in an individual 
plant that stood the winter of 1911-12 in good shape. This new strain 
(No. 28206) is awnless as well as a red wheat, but as to quality the 
Experiment Station has no further data. This is the first year that a 
milling test has been made with this wheat and the baking test has not 
yet been made. 

Certain of the extractions from wheat crosses made in 1912 are at- 
tracting considerable attention in the row, series. This is particularly 
true of those that come from the cross between Berkley (03402) and 

37 
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Red Rock (97005). The Berkley is the best milling and baking variety 
of hard winter wheat that this investigation has been able to find (1912), 
but because of the weakness of its straw is not a commercial success in 
Michigan. The Red Rock attracted our attention in the spring of 1912 
as being the only stiff strawed wheat that had stood the previous winter 
in good shape. Both of these varieties being hardy, a cross between 
them may be expected to be hardy, and the hope now is that we have 
a stiff strawed wheat that possesses the high milling and baking quali- 
ties of Berkley. Such a wheat would bring a new epoch in Michigan 
wheat growing, as the miller could then have Michigan grown hard 
winter wheats to grind, and there would be no further need for the im- 
portation of western grown hard wheats. 

A series of new wheat-crosses has been lately made between the out- 
standingly attractive wheat (No. 28206) and the most promising beard- 
ed wheats of the series so that should the present row series fail to 
yield the desired combination of qualities, a new trial would be under 
way. 

Two bulletins have recently been written on winter crops, hoping 
that they may be in the hands of farmers before September 1. One 
of these is on Red Rock wheat, the only hardy high yielding red wheat 
that has been introduced among the farmers. The other is on Winter 
barley, the new winter crop that has yielded from 152 per cent to 174 
per. cent of Oderbrucker whenever the Winter barley has been planted 
early enough to cover the ground before winter set in. It is clear though 
that this new crop must be planted by September 1st if it is to succeed 
in making high yields. Under these conditions the tops of the Winter 
barley usually freeze down so completely as to kill nearly all of the 
Hessian fly that may have been formed on the stems. 

Among the spring crops the bean improvement work is being pushed 
more extensively than ever. During earlier years, the large number of 
oats and barley selection plats gave little opportunity for the bean 
selection work. 

The work with beans began in 1908 with individual plant selection 
from commercial lots. It was continued in a small way until these 
early selections had been tested out in variety series along with local 
farmers’ varieties from over Michigan. As a result a strain of Navy 
(No. 81302) beans (now known as the Robust) was discovered that on 
an average of three years yielded 150 per cent of the best commercial 
variety that had been found. The result was so conclusive that no 
variety series was considered valuable in 1915, giving opportunity for 
more extensive indivdual plant work. The Robust had never been 
standardized from the standpoint of shape and size. 

Need was discovered for investigation into the inheritance of shape 
and size in beans. Some bean crosses that had been obtained in 1912 
and 1913 gave extensive segregation of shape and size. This material 
was taken over by Mr. P. K. Fu in the fall of 1914, and he undertook 
the investigation of this problem in 1915 as a Master’s thesis. From 
among the 1914 individual plant selections, about 200 were chosen to be- 
come mothers of individual progeny plats in 1915. These lots totaled 
14,280 seeds from which 10,787 plants were obtained. The cold, rainy 
weather of August stimulated vegetative growth and the setting of 
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new flowers too late to ripen before the early frosts. Thus came the 
failure of nearly all that would yield data on the inheritance of shape 
in- beans. Four thousand five hundred and ninety-two plants were 
threshed individually and the seed placed in envelopes. The data gave 
very good evidence on the inheritance of size. The majority of these 
data shows Mendelian segregations of one pair of characters, the large 
size being dominant. The segregations of greater complexity contained 
too few individuals to permit of interpretation. 

The problem of inheritance of shape is being undertaken by Mr. W. 
K. S. Sie during the season of 1916. There are nearly 300 progeny plats 
planted this year, and 157 of these belong to Mr. Sie’s thesis work. A 
small variety series has been planted, and 35 new lots are growing in 
selection plats. Including increases, the bean work for 1916 aggregates 
343 separate plats. . 

The work with field peas began in 1913 with 73 lots (all mixtures) 
of which 70 bore U. S. Seed and Plant Introduction numbers. These 
were planted in a row series using a Michigan sort as a check. As the 
larger portion of these were foreign, it was thought best to continue all 
the lots in the 1914 series regardless of their 1913 production. Those 
that produced poorly both years were dropped from the 1915 plantings. 
Individual plant selections were made in 1915 and planted in 1916 as 
progenies. 

The alfalfa breeding work started in 1906 when Mr. M. Craig gathered 
seed from a number of individual plants at M. A. C. Other lots have 
been obtained yearly from seedsmen, other plant breeders, and through 
the U. S. Department of Agriculture and from around the world, aggre- 
gating 195 sources of seed. Nurseries have been set out in 1907, 1909, 
Ii 1oiseand. 1916. 

The first three nurseries contained so much unproductive unhardy 
material that it was difficult to get progeny plats in a rigid competative 
test. There were those that winter killed and then others that suc- 
cumbed in the summer to various diseases resembling crown rots. Yet 
with each succeeding generation of the breeding work there has been a 
lower death rate among the plants. In the first nursery very few plants 
produced seed, but seeding has been more general among the individuals 
of later generations. The highest yielder of the 1909 nursery produced 
41.3 grams in 1910. In the next generation (1911 nursery) there were 
30 that exceeded this production in 1918. None of these plants (1911 
nursery) produced mentionable quantities of seed in 1914. 

The problem now (since we have found hardy alfalfa) is not to get 
good seed production in favorable years, but to find a strain that will 
pay its way in the off year, if we are to make alfalfa seed production 
a success in Michigan. 

In 1914, certain individual plants (that were found scattered through 
the 1913 alfalfa nursery but confined entirely to it), did something that 
had not been observed in alfalfa before. The nurseries lost their leaves 
from leaf-spot that year, and the above mentioned plants actually set 
leaves back on the old stems, stuck to their job, and produced seed that 
year. Seventeen of them yielded at a rate that would amount to three 
bushels of seed per acre if such a plant could be found on each space, 
equal to that occupied by the plants in question. Other plants in the 
same progenies had this power to a lesser degree. The normal thing 
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for an old-line alfalfa plant to do, when it looses its leaves from any 
cause, is to give up those stems and start new ones from the roots. The 
best plant from the best progeny produced 12.8 grams of seed in 1914. 
This plant has become the mother of the checks in the 1916 nursery. 

Investigation into ways and means of eliminating environmental in- 
fluences upon the data of variety series and nurseries has been vigor- 
ously continued throughout the year. The coefficient of yield was 
mentioned in last year’s report. The extension of this method to 
nursery work has been especially considered during the past year. The 
problem at hand is the 1918 alfalfa nursery where the checks were 
planted from one progeny, and the other rows from the best material 
available and coming from other lines of alfalfa. Some of these progen- 
ies represented the fifth generation of the work at this Station. 

The figures connected with this investigation would take _ several 
pages to report, but it is evident that the environmental factors can 
be practically eliminated from statistical constants by the application 
of the method of the coefficient of yield to statistical data. 

Respectfully submitted, 
FRANK A. SPRAGG, 
Research Assistant in Plant Breeding. 
Kast Lansing, Mich., June 30, 1916. 


REPORT OF SOIL PHYSICIST. 
Director R. 8. Shaw: 


Dear Sir—I am submitting herewith the report of the Soils division 
for the fiscal year ending June 30, 1916: 

It is indeed gratifying to be able to report progress in the various 
departmental activities, namely, College, Extension, and Experiment 
Station. 

The members of the department have been very active in Station work 
and the results obtained are highly satisfactory. As I previously out- 
lined to you, the policy is a problem for every one. To be sure, the 
problems are to be practical, that is, suited to the training and atti- 
tude of the men to whom they are assigned. We should not be led 
away from this extremely important and far-reaching phase of the 
College work; if so, unquestionably, we will soon be going in a circle 
with respect to both College and Extension activitise. 

Ixxtensive field projects were gotten under way on the Van Buren 
county Farm and the Grand Rapids City Farm, the detailed plans of 
which are now on file in your office. We are positive that here lie ex- 
ceedingly great opportunities for doing much constructive and economic- 
ally important work, and that strenuous efforts should be made to 
establish a limited number of these each year. These projects need not 
necessarily be confined to the counties provided with county agents, 
but should be taken up wherever practicable in other counties. More- 
over, provision should be made, in the way of assistants, for effectively 
carrying on this important line of work. 
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Project No. 1, outlined in ast year’s report, is being continued. 
Studies of representative soils of Wexford, Allegan, and Ingham coun- 
ties have been completed and reports covering these will be presented at 
an early date. Cooperative lime and fertilizer studies are being con- 
ducted with a few farmers of Ingliam county. It is well to note that 
some very striking results are being obtained in certain cases. We re- 
cently took samples from, and made observations in, St. Joseph, Cass, 
and Manistee counties, and plan to do so for certain other counties. We 
propose to pursue this work vigorously, inasmuch as we consider it a 
very important and far reaching line of investigation. 

The Lysimeter studies, also noted in last year’s report, are under way 
and certain important data have been obtained, especially from those 
filled with sandy soil. With this particular soil low in vegetable matter 
and this season’s rainfall, the addition of lime alone, or complete fertil- 
izer, or inorganic nitrogen, have shown negative results with oats and 
clover. On the other hand, unusually good returns have been received 
from the use of green manure, even in the absence of either lime or com- 
plete fertilizer. These results suggest among others that there is very 
little benefit to be derived from the use of inorganic nitrogen during a 
season of high rainfall on sandy soils low in vegetable matter. This 
being a very important economic question, field plots on the same soil 
have recently been installed to throw additional light upon it. 

As outlined in detail in your office, elaborate green manure and lime 
experiments are being conducted on the Woodbury Farm. Such ques- 
tions as the cost of nitrogen in green manures, and the duration of green 
manuring crops, as well as effects upon the chemico-physico-biological 
properties of the soil are being studied. 

Very interesting and especially fundamental results are being ob- 
tained from studies of the effect of the presence of different amounts of 
water, of the addition of green manure and fertilizers, upon the concen- 
tration of the soil solution and the sap of roots and tops of different 
plants. The results of these studies will be presented in due time for 
publication. 

The projects being conducted under the Adams fund have been suc- 
cessfully carried on during the year. The nature of the work has been 
entirely changed and may be divided under two main headings: (1) 
Soil Temperature, (2) The Freezing Point of Soils. <A part of the re- 
port presented to me by Dr. Bouyoucos appears below: 

“The results of the second main project appear to be especially of 
great importance and high interest, both from the practical and theoret- 
ical standpoint. These results have opened up an entirely new line of 
research and have thrown new light upon the behavior and properties of 
soils. The freezing point method, as has now been developed, appears to 
be the best means of studying certain phases of the soils, as it attacks 
the problems directly, and the results it attains are fundamental. 

’ Four different technical bulletins and two short articles have been is- 
sued during the year upon the two projects. The titles of the bulletins 
are as follows: (1) Effect of Temperature Upon Some of the Most Im- 
portant Physical Processes in the Soil, (2) The Freezing Point Method 
as a New Means of Measuring the Concentration of the Soil Solution Di- 
rectly in the Soil, (3) Soil Temperature, and (4) The Freezing Point 
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Method as a New Means of Determining the Nature of Acidity and Lime 
Requirement of Soils. The titles of the two articles are as follows: (1) 
Determining the Concentration of the Plant Cell Sap Directly in the 
Plant Tissue (in the Journal of the American Society of Agronomy), 
and (2) Studying Biological Activities Directly in the soil by Means of 
the Freezing Point Method (in Science). 

The investigation on soil temperature is discontinued, at least for the 
present, and the entire time and all the efforts are concentrated on the 
freezing point methods and its relation of subjects.” 

As you know, from discussions, and can judge from this report, we 
are laying a foundation for a strong and broad Department of Soils. I 
desire to state that we appreciate greatly your support and advice with 
respect to several problems that have arisen during the past year. 

Respectfully submitted, 
M. M. McCOOL, ) 
Soil Physicist. 
East Lansing, Mich., June 30, 1916. 


BULLETINS 


OYr THE 


Agricultural College Experiment Station 


ISSUED DURING THE 


YEAR ENDING JUNE 30, 1916. 


FERTILIZER ANALYSES. 


Bulletin No. 275. 


ANDREW J. PATTEN, O. B. WINTER, O. F. JENSEN AND B. F. BERGER. 


The inspection and analyses of commercial fertilizers offered for sale 
in Michigan are made under authority of an act of the Legislature ap- 
proved March 10th, 1885, and as amended during the session of the 
Legislature for the year 1913. The principal points in the law of in- 
terest to manufacturer, dealer and consumer may be summarized as fol- 
lows: 

MANUFACTURER. 


Materials subject to license. The term “commercial fertilizer” shall 
be held to include any and every substance, imported, manufactured, 
prepared or sold for fertilizing or manurial purposes, the retail price | 
of which is ten dollars or more per ton. (Sec. 1). 

Statement of analysis. Before any commercial fertilizer can be 
legally sold or offered for sale in the State the net weight of the pack- 
age, the name of the brand and name and address of the manufacturer 
must be printed on the bag or on a card attached to the bag together 
with the guaranteed analysis in the following form: 


NT PRO GONE FS ee Wikis each, gn suscabey sei dois osolviw Sona taster eed etars % 
Available Phosphoric Ai) 25. cs): jclns one ee ee on % 
Portals hOSpHorio Acids \ 50s AG AMS bak ian aie ace eee % 
OPASHEMCEE Oe Dae Pb Sue Saher ta state eek Ae eit % 


No other form stating the guarantee is permissible. The attention of 
manufacturers who use the sliding guarantees and the equivalent guar- 
antees is particularly called to the above form of stating the guaranteed 
analysis. (Sec. 1). 

Registration. Before any commercial fertilizer is sold or offered for 
sale, the party selling or offering the same for sale shall file with the 
Chemist of the Experiment Station a certified copy of the analysis and 
also a sealed glass jar containing not less than two pounds of such 
fertilizer, with an affidavit that it is a fair sample of the article to be 
sold or offered for sale. Registration blanks for this purpose will be 
furnished on application. Registrations must be made on all brands 
each year but samples are required only at the time of the first regis- 
tration. It is the ruling of this Department that any change in the 
brand name or in the guarantee constitutes a new brand. (See. 2). 

License fee. A license fee of twenty dollars for each brand of fertilizer 
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sold or offered for sale should be paid on or before May Ist of each 
year or before the fertilizer is offered for sale in the State. AJ] checks 
covering license fees should be made payable to the Seer etary, State 
Board of Agriculture. (Sec. 8). 

Penalties. | Any person or persons who shall be found guilty of sell- 
ing or offering for sale any commercial fertilizer in violation of the pro- 
visions of the law shall be fined not Jess than one hundred dollars for 
the first offense and not less than three hundred dollars for each sub- 
sequent offense. (Sec. 6). 


DEALERS. 


Companies to represent. Represent only such companies as properly 
register all the brands they send into the State. Before accepting a skip- 
ment of fertilizers for resale find out by writing to the Chemist of the 
Experiment Station if the registration has been made and the license 
fee paid. 

Storing. Fertilizers should be stored in a dry, waterproof building 
and should never be piled directly on the ground. Failure to observe this 
precaution may cause the fertilizers to absorb an unusual amount of 
moisture and, consequently, to run below guarantee. Furthermore, im- 
properly stored fertilizer is liable to become hard, in which condition 
it cannot be handled in a drill without regrinding and even distribution 
by hand is much mere difficult. When two or more brands of fertilizer 
are stored in the same building they should be separated by a narrow 
aisle to insure against the brands getting mixed. 

Sampling. Any duly authorized agent of the State Board of Agri- 
culture is empowered to select samples, for the purpose of analysis, 
from any commercial fertilizer exposed for sale in the State. All inspect- 
ors sent out for this purpose will be provided with an authorization 
signed by the Secretary of the State Board of Agriculture and only such 
persons have authority to collect samples. 


t 


CONSUMERS. 


The fertilizer law is for your protection, therefore do not purchase un- 
licensed fertilizers from dealers outside of the State. even when offered 
at a great bargain, for, in such cases, the law can offer you no protec- 
tion. 

Do not send samples for analysis without first writing to the Chemist 
of the Experiment Station for instruction in regard to taking the sam- 
ple. This is very important as this Department will analyze only those 
samples secured by the regular inspectors or those taken in accordance 
with our instructions. 

Consult the fertilizer bulletins and find out what companies are most 
consistently fulfilling their obligations as to the amounts of plant-food 
ouaranteed. 

Low crop yields may be due to any one of a number of causes such as 
poor drainage. soil acidity, poor physical condition. insufficient moist- 
ure, unfavorable climatic condition, lack of available plant-food. ete. 
Fertilizers can correct only one of these causes, namely, lack of plant- 
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food, and they should not be condemned when they fail to produce re- 
sults if the real cause of low yields is due to some other condition. 

The best results from the use of commercial fertilizers will be obtain- 
ed, only, when all of the conditions affecting plant growth are as nearly 
perfect as it is possible to make them. “Fertilizers are foods (not stim- 
ulants) for healthy soils. They are not medicine for sick land.” 

Study your soil conditions and by experimenting determine what 
forms of plant-food, if any, are required and in what amounts they 
should be used to produce the most economical results. Only in this 
way can these questions be definitely answered. 


LICENSED BRANDS. 


Thirty-six manufacturers and fertilizer companies have licensed 303 
distinct brands for sale in the State during the season of 1915. The 
brands appearing in the following tables of analyses, and none others, 
can be legally sold. 

Parties mixing or importing fertilizers for their own use and not for 
sale are not affected by the restrictions of the law and neither are they 
protected under it. 


COLLECTION OF SAMPLES. 


The analyses reported in this bulletin were made on samples collected 
by inspectors sent out from the Experiment Station. The inspectors 
cover practically all parts of the State where fertilizers are sold, and 
the samples are drawn from stock in the hands of dealers by means of a 
specially constructed tube with which a core from the entire length of 
the bag is secured. In no case is a sample taken from a lot containing 
less than five bags nor from a bag that has previously been opened. The 
samples are drawn and sealed in the presence of a witness and shipped 
to the laboratory for analysis. For the first time, samples were taken 
of the fall shipments and the analyses reported in this bulletin repre- 
sent both spring and fall shipped goods. The inspectors failed to find 
three of the licensed brands on the market and upon investigation it was 
found that in one of these cases at least, the particular brand was not 
shipped into the State. 


RESULTS OF INSPECTION. 
(a) Quantity of plant-food. 


A study of the tables of analyses shows that, of the 358 samples 
analyzed, representing 300 brands, 74 (20.7%) are below guarantee* in 
one or more constituent. Twenty-one (5.9%) are below guarantee in 
nitrogen, 19 (5.3%) are below in available phosphoric acid, 5 (1.4%) in 
total phosphoric acid and 33 (9.2%) in potash. 


_ *A shortage of more than 0.10 per cent of nitrogen or more than 0.20 per cent available phosphoric acid or potash is con” 
sidered below guarantee. 
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A summary of the results of the inspection is given in the following 
table: 


CRM ORKWNNOWHORODHONUAHOOC OF; 
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Manufacturer. = B ae Z gg eect Se 
a aS 5 bb ‘S | s > a 
a a a=! 4 Sa 46 85 
s a Bes | ewe Fe | Eide 
Oo @ S 5 2a Yo eo & ov 
rs 3 | 28 | ee) 8S eee 
6 3 36 68 ot of oe 
am A 4 a A a Zz 
American Agricultural Chemical Co.................00- 67 76 6 73 0 0 65 
AvniArbor Abattoir Cot. 50s ctecn. <n sce cteesiieleeasety 1 1 1 1 0 0 
Armour: Hertilixer woOrks).2/ j= cetcctentenreie eis won ecie etclelte 21 28 14 25 1 0 1 
Robert Binder'Cos -5-52:5 55 rset oo eer erie aairaette 1 1 1 0 0 0 
Jas. Boland Rendering & Fertilizer Co................. 2 2 2 1 0 0 
Pidwardi Burton's). scat c.cit loc ewleesion citlns ante creme 1 if 1 1 0 0 
Chicago Feed & Fertilizer Co.. ..........c.eecceceees 1 1 0 1 0 0 
ChicasomRaw Products Caiae eceice sine cata valovelerorelousleve reefers 9 8 1 8 0 0 
Darling Company. earce ican couse aecLleee 13 19 6 17 1 0 | 
German Kali Works. jo7ccccenites sles cr cacleneinieatet 3 3 0 3 0 0 
Gleaner Clearing House Association.................-.. 6 6 4 6 0 0 
Grand) Rapids !Glae| Cor tance wee laic clecieictaelbisietelelarsiell-t= ial 1 0 1 0 0 
GrangeHertilizer Cosi. cs .c esieativinic cies ceie's elaleterenslercete 7 7 0 7 0 0 
WAC SHarren: ce canaa coe cate aaa orci Cie esis 1 1 1 1 0 0 
argh. S$ert dei COs coscavss cuts cee eae abo aves ete 19 26 6 26 0 0 2 
Independent Packers Fert. Co............eeecceesceees 7 9 3 8 0 0 
International Agricultural Corporation................. 14 13 0 13 0 0 1 
hes areckt Chemical Cia. canis cites cio sie clay eels a cler-e 11 12 1 12 0 0 1 
Kalamazoo Rendering & Fertilizer Co......:........... 2 me 2 2 0 0 
Natural Guanot@on. ose waite ceiatsracoth cart eiottinvsloisoelayeiotore 1 2 0 2 0 0 
Nitrate: Agencies: Cocy aa scl omistciets ates aces ya) aistetateic plaib sere tale 3 4 1 4 0 0 
Ohio'StandardiChemiealiCo: 2 sence w srorste sieteiwle ws ci cate 2 1 0 1 0 0 
The Packers) Hert. (Coe): <s.nc acceisieeaceiteclas cee etics ans 8 10 1 10 0 0 
Pulverized’ Manure’ Con: 2352 Si aaes eaten else 2 2 1 2 0 0 
The Queen City Fertilizer Co........ 1 1 0 1 0 0 : 
Rasin Monumental Co............ 15 16 0 16 0 0 16 
F.S. Royster Guano Co........... 12 14 1 13 0 0 10 
The Smith Agricultural Chemical Co 11 12 0 12 0 0 12 
Elmer D. Smith & Co............. 1 2 2 0 1 0 0 
Bpeldeli& Swartas ia eis oc atlervoctieics sees meee raat 1 1 1 1 0 0 0 
J. L. & H. Stadler Rendering & Fertilizer Co............ 11 12 2 11 1 0 11 
G. B. Stock Xylite Grease & Oi Gos a) Po. Meets 1 1 0 1 0 0 1 
Srl Cove sc cee clan ee Genie aoe ee ease 32 44 11 42 0 0 32 
The! Toledo:Seed'éOiliCos sees nce wen ees tee nee ee 1 2 0 2 0 0 2 
Tuscarora-Merts COpsencc scion cheeiendoncui re seinen. 7 7 1 7 0 0 6 
THe Wiichet MertiCons sco a cst s nrrve serene oeasiare ies ( 10 4 te 1 0 6 
CE CARI oer Rare NR Sr Reda = ao A 303 358 | 74 338 5 0 286 


(b) Quality of plant-food. 


Attention is again called to the quality of the nitrogen furnished in 
the various brands of fertilizer sold in the State. As was pointed out 
in the 1914 fertilizer bulletin the materials used to furnish the nitro- 
gen are many and of greatly varying availability. A close study of the 
results contained in the tables under the heading “Nitrogen” is recom- 
mended to every user of commercial fertilizers. In interpreting these 
results, the following points should be remembered: That water-so- 
luble nitrogen is readily available for plant uses. That the water-inso- 
luble nitrogen (“active insoluble” and “inactive insoluble”) may or may 
not be readily available for plant uses. 

When the amount of “active insoluble’ nitrogen is greater than the 
amount of “inactive insoluble” nitrogen, the total water-insoluble nitro- 
ycn is considered to be readily available to plants; when the amount of 
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“actiwe insoluble” nitrogen is less than the “inactive insoluble” nitrogen 
the total water-insoluble nitrogen is not considered to be readily avail- 
able and the plants may fail to derive any benefit from its use. 

Many of the fertilizer brands reported in this bulletin, especially those 
having small percentages of nitrogen, show a large proportion of the 
nitrogen to. be in water-insoluble forms of questionable quality. 


THE POTASH SITUATION. 


All of the potash used by the fertilizer trade has, in the past, been sup- 
plied by the immense potash mines of Germany. Owing to conditions, 
incident to the war in Europe, the German Government placed an abso- 
lute embargo on the exportation of potash in January, 1915, since which 
time, none has been shipped into this country. In order to conserve the 
supply then in the hands of the fertilizer manufacturers, all brands, con- 
taining over three per cent potash, with the exception of a very few, 
were withdrawn from sale during the past season. For the 1916 season 
it will be necessary to reduce the amount offered in complete fertilizers 
still further and it has been reported that no brands will be placed on 
the market containing more than one per cent potash. 

The demand for potash in other industries has caused the price of the 
unmixed potash salts to advance until they are now selling at ten to 
twelve times the normal value. This is entirely out of proportion to 
their agricultural value. 

The government, through the Department of Agriculture and Geolo- 
gical Survey, has made extensive explorations for potash sources in this 
country but up to the present the search has not been productive of re- 
sults that promise any immediate relief. The investigations already 
made, however, indicate that it may sometime be possible to produce 
in this country sufficient potash to provide for our own needs. The most 
promising sources are: the alunite deposits in the mountains of Utah 
and neighboring states; the feldspathic rocks of the eastern states; the 
giant kelp of the Pacific coast and the mud of Searles Lake in California. 


THE PHOSPHATE SITUATION. 


Acid phosphate is the basis of all mixed fertilizers. This is made by 
treating phosphate rock with sulfuric acid. The supply of phosphate 
rock in this country is almost unlimited with large deposits in Tennes- 
see, South Carolina, Florida and several of the western states. The 
phosphoric acid in the rock is not readily available in its natural con- 
dition but is made so by the treatment with sulfuric acid. In the usual 
process of manufacture one ton of sulfuric acid is used for each ton of 
phosphate rock. 

Owing to the greatly increased demand for sulfuric acid in the manu- 
facture of war munitions, the price has risen from $5.00 to $6.00 per 
ton to about $25.00 per ton. This necessarily increases the cost of man- 
ufacturing acid phosphate and explains the rise in the price of this ma- 
terial. 
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GENDPRAL SUGGESTIONS. 


On account of these unusual conditions it is imperative that all waste 
materials on the farm, especially those containing potash, be preserved. 
Of the organic substances, stable manure is the most important. The 
floors in stalls and stables should be made tight and enough bedding 
used to hold the liquid manure since nearly all the potash and the most 
valuable part of the nitrogen of manure is in the urine. All waste ma- 
terials of organic nature such as leaves, stalks and trash should be used 
for bedding or composted with manure. Average stable manure con- 
tains, in each ton, about 10 Ibs. of nitrogen, 5 Ibs. of phosphoric acid 
and 10 Ibs. of potash. 

All the ashes from wood fires and from the burning of brush and other 
waste material should be saved and stored under cover until used. Un- 
leached hardwood ashes contain from 5 to 10 per cent of water-soluble 
potash and about 60 per cent of lime. Leached ashes usually contain 
less than one per cent of potash. Wood ashes should be bought on a 
guarantee of water-soluble potash with provision for a rebate if the 
guarantee is not fully met. Coal ashes contain neither potash nor lime 
except in very small amounts. 

Tobacco stems and clippings contain from 5 to 8 per cent of potash 
and from 2 to 3 per cent of nitrogen. These may be composted with ma- 
nure or they may be plowed under separately. In either case, it would 
be advisable to supplement with acid phosphate, especially when used 
for corn, sugar beets or potatoes. 

Muck lands will be most seriously affected by the lack of potash as 
they contain less of this plant-food than the mineral types of soil. On 
such soils it is suggested that manure, especially horse manure without 
too much coarse litter be used at the rate of 10 to 12 tons per acre and 
that the soils be well compacted by rolling several times with a well 
weighted roller. 

On the upland soils some benefit may be gained by plowing a little 
deeper and by cultivating the soil very thoroughly. Tillage tends to re- 
lease the insoluble potash, make the nitrogen compounas more ayail- 
able and to conserve the soil moisture. 

In conclusion it is advised that fertilizers be used aie on the best 
lands next spring. At the present prices, it will not pay to attempt to 
build up poor soils with them. 

; Samples were drawn from stock in the hands of the following list of 
ealers: 

Adrian—J. 8). Bennett, W. R. Bradish, Cutler Dickerson Co., Elmer D. 
Smith & Co., J. C. Van Doren, C. E. Winnie. 

Albion—F. E. Nowlin & Co. 

Alma—J. M. Monugal. 

Almont—Frank Bishop. 

Anchorville—Fred Brockmiller, C. L. Bethny. 

Ann Arbor—Gensley Bros., Ann Arbor Abattoir Co. 

Atkins—J. J. Norman. his 

Bad Axe—The Farmers Elevator & Prod. Co. 

Bangor—M. D. Trim Co. 


Battle Creek—Robt. Binder Est., Armstrong & Brown, A. K. Zimm, 
Powers & Co. | 


EXPERIMENT STATION BULLETINS. 303 


Bay City—Mohr Hardw. Co. 

Beech—Geo. W. Burt, Geo. Wright. 

Belleville—Alban Lumber Co., Van Schoick Bros. 

Benton Harbor—Cutler Downing Co., Collis & Westcot. 

Bireh Run—Chas. Wolohan. 

Birmingham—H. B. Parks, M. Spencer, F. Pool. 

Blaine—Dan Maynard, C. Rutledge. 

Blissfield—E. A. Beamer, E. J. Gray, Continental Sugar Co. 

Brown City—Geo. H. Palmer. 

Buchanan—Chas. F.. Boyle. 

Cadmus—Lomb Bros. 

Camden—Geo. Tanner, Geo. Palmer. 

Capac—L. R. Glassford. 

Caro—Irving Jaynes. 

Carsonville—Harvey McGregor. 

Charlotte—Hartel & Martin, Z. W. Fowler. 

Clinton—Atlas Milling Co. 

Coats Grove—John Blocher. 

Coldwater—S. I. Treat & Son. 

Coloma—Reuben Hazen, Clyde Lockwood, Coloma Hardw. Co. 

Coopersville—Reynolds Bros., M. Durham. 

Covert—E. L. Walters, J. R. Spellman & Co. 

Croswell—Farmers Elevator Co. 

Davison—O. K. Hathaway, Daniel Hull. 

Dearborn—S. D. Lapham. 

Deckerville—E. Shaftbower. 

Deerfield—Chas. Helzer, C. A. Robison. 

Denton—Lee Newton. 

Detroit—Lohrman Seed Co., Schemen & Mok. 

Dundee—Michigan Milling Co. 

Durand—Eph. Judson, Judson Michigan Bean Co. 

Eckford—L. D. Sackett. 

Elm—Bentley Bros., Ira Wilson. 

Emmett—Frank Kough. 

Farmington—Chas. F. Gowe. 

Flat Rock—J. Neifert. 

Flint—Wolcott Packing Co., Burroughs & Son, W. A. Holtslander. 

Galesburg—Zinn & Austin. 

Galien—Fred Koenigshof. 

Grand Haven—Snpeidel & Swartz. 

Grand Rapids—Grand Rapids Glue Co., Reed & Cheney, Brown Seed 
Co. 
Grant—Grant Coop. Creamery. 

Harbor Beach—John Hildebrandt, Jake Deer. 
Hartford—H. L. Gleason & Son. 
Hillsdale—Wm. Cole, Hillsdale Co. Coop. Assn. 
Holland—Mulder & Son. 

Homer—E. R. Fish. 

Howell—Jacob First. 

Hudson—J. A. Dillon, Jr. 

Ida—Geo. Schuler. 
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Imlay City—Roy Churchill, Chas. Starkey. 

Ithaca—D. Heffer & Son. 

Jackson—Isbell Seed Co., Jas. Boland Rend. & Fert. Co., State Prison, 
J. C. Bartlet. 

Jeddo—Jeddo Elevator Co. 

Jonesville—A. H. Dudley, Jonesville Milling Co. 

Kalamazoo—Woodhams, Oakley & Oldfield Co., Geo. Martin. 

Keeler—Nate Simpson, Jr. 

Lansing—J. A. Bissinger. 

Lawton—Michigan Fruit Ex., Chas. G. Hall, C. Dunham. 

Lennon—Lennon Grain Co. 

Linwood—J. J. Lambert. 

Lulu—C. Vandercook. 

Mancelona—Jas. A. Gaylord. 

Manitou Beach—Riley Bros. 

Marine City—J. Mosier. 

Marlette—Marlette Hay & Produce Co. 

Marshall—J. C. Beckwith. 

Mason—A. A. Howlett. 

Maybee—Hugo Lickfelt. 

Memphis—T. W. McCall, Fred G. Coburn. 

Mikado—Mikado Elevator Co. 

Minden City—L. H. Reidel & Son. 

Monroe—G. R. Hurd & Co. 

Montgomery—Tri-State Coop. Assn., Geo. Pierce, O. K. Coolman, W. 
W. Crawford. 

Montrose—L. M. Gunnings. 

Morenci—Chas. Fay, Bert Spencer. 

Mt. Clemens—Wolff Bros., A. S. Clark, A. Seibert. 

Mt. Morris—J. B. Leach & Co. 

Muskegon—John Stegink, J. Marvin, J. Leng Bros. 

New Baltimore—E. D. W. Laforge. 

New Boston—E. Gumtow, B. Hasselbach, Fred Knope, Jas. Vogt, R. 
K. Krause. 

New Buffalo—Seigmund Bros. 

Northville—Robt. Gibson. 

Nunica—J. D. Pickett, R. S. Brown. 

Ogden—Walper & Heiser. 

Onstead—Onstead & Kar. 

Owosso—W. E. Payne. 

Palms—Palms Elev. Co. 

Palmyra—A. G. Rood. 

Paw Paw—F. A. Sturtevant. 

Pigeon—John H. Doepker. 

Pittsford—Carl & Childs. 

Plymouth—C. R. Carson, J. D. McLaren, M. L. Horton, A. Warner, H. 
C. Hager, L. A. Wisely, H. S. Shattuck, A. B. Schroder, Geo. Hake, C. 
KE. Ryder. 

Pompeii—Geo. L. Jessop. 

Pontiac—Gem Wire Fence Co., W. C. Harger. 

Portage—C. Nederhoed. ae 


EXPERIMENT STATION BULLETINS. 305 


Port Huron—B. B. Hyde, G. B. Stock Co. 

Quincy—Philo Corliso, H. B. Walbridge, W. A. Lott. 

Raisin Center—F. V. Judson. 

Reading—W. M. Cahow, E. Davis, L. Quackenbush, Rus Riggleman, 
Wm. Neddermeyer, Kellogg & Youngs. 

Redford—Geo. KE. Fisher, Steve Wright. 

Richmond—F armers Elev. Co. 

Riga—Otto Wegner, C. G. Schwyn. 

Rochester—Robt. Castel. 

Romeo—Bradley & Chubb, Romeo Implement Co., W. Allen, Gray 
Elevator Co. 

Royal Oak—John Starr. 

Saline—Herman Grass. 

Samaria—s. L. Smith, E. J. Harwick. 

Sandusky—John Murphy. 

Silverwood—H. L. Chaffee. 

Southfield—Johnson. 

South Haven—South Haven Fruit Exchange. 

St. Clair—Recor & Smith, John Man, Chris Ahlas. 

St. Louis—St. Louis Hardw. Co. 

St. Joseph—John Wallace Sons, Edw. Burton. 

Stevensville—F. P. Cupp. 

Sturgis—G. R. Turner. 

Swartz Creek—Swartz Creek Grain Co. 

Taylor Center—A. Boelter. 

Tecumseh—Temple & Co., Brown & Co., Tecumseh Coop. Assn., Moore 
Bros. 

Temperance—John Lord. 

Three Oaks—Warren Featherbone Co. 

Three Rivers—John Griffith Co., F. T. Garl. 

Trenton—H. L. Wagar. 

Troy—Bert Tyke, Geo. Houghten. 

Vassar—Farmers Elevator Co. 

Vriesland—T. W. Van Haitsma. 

Waltz—Jas. Schneider. 

Watervliet—Rosenberg & Forbes. 

Wayne—kE. H. Langworthy, E. R. Barker, Hilliards & Reiser, Wortz & 
COs ts 

Willow—H. C. Otter. 

Woodland—W. A. Grozinger. 

Wyandotte—F. C. Wells, J. J. Kreger, Fred Bush. 

Yale—Geo. W. Elston. 

Ypsilanti—F rank Begole, B. G. Moorman & Son. 

Zeeland—Isaac Van Dyke, Vanhoven & Vereeke. 
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FOREWORD. 


November 30, 1915. 


The summer just passed has witnessed an outbreak of the work of the 
bean-maggot such as has never before been experienced in Michigan. To 
partially compensate for the serious losses sustained, however, the out- 
break has offered an opportunity for gathering data of importance which 
seems to justify the publication of this circular. The observations made 
by Mr. Don B. Whelan are offered, therefore, in the hope that advantage 
may be taken of them during the coming season. 

; Respectfully submitted, 
R. H. PEPE 


Entomologist of Experiment Station. 
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THE BEAN-MAGGOT IN 1915. 


Circular No. 28. 


BY DON B. WHELAN. 


The “bean maggot” has appeared in Michigan from time to time, but 
visits heretofore have been scattered over quite a large area and the 
damage has been comparatively slight up to the present season. This 
pest also bears the name “seed corn maggot,” having long been known 
as being destructive to seed corn. It is recorded in connection with 
quite a variety of host-plants, including beans, peas, corn, cabbage, tur- 
nips, potatoes and some weeds besides other cultivated plants. Its work 
in the past has often been confused with both that of the “onion 
maggot” and “cabbage maggot.” 

As in the case of the last two species, the adult of the bean-maggot is 
a fly, in form and color very similar to the house-fly but differing in that 
it is somewhat smaller. This winged fly usually lays its eggs on the 
stems of plants just coming through the soil or on decaying vegetable 
matter, which appears to be its favorite breeding place. The eggs hatch 
into maggots which scrape channels and tunnels in growing plants and 
ruin them. There is every reason to believe that two or more genera- 
tions develop during the growing season. 

It has long been known that decaying vegetation furnishes a breeding 
place for this pest, although the opportunity has never before presented 
itself to bring this fact out so favorably. During the year 1915, serious 
damage from the bean-maggot was reported from Huron, Sanilac, Tus- 
cola, Saginaw, Gratiot, Eaton and Berrien counties. The beginning of 
the trouble occurred near Charlotte when a farmer first noticed the 
work of this insect on a large field of beans, on June 14th, four days 
after the seed was planted and before the beans had pushed their way 
above the ground. The samples brought to the Entomological labora- 
tory, including both beans and growing stems, were perforated and 
badly injured by dirty-white maggots, about a quarter of an inch in 
length. About sixty per cent. of the plants were killed before appear- 
ing above ground. This case showed clearly that the maggots were in 
the soil before the beans were planted and that they merely transferred 
their attention from the fresh manure which had recently been plowed 
under, to the beans, (the land having previously been a vineyard). This 
explanation appealed immediately to Professor Pettit, who turned the 
problem over to the writer for thorough investigation. Examination of 
a series of bean fields, beginning on July 1st, revealed many cases of 
a quite similar nature, from which it appears that the maggots are 
sometimes found in fresh manure and also in clover sod and in the rot- 
ting stems of clover. Furthermore, it appears that while beans were 
apt to suffer when planted on freshly turned clover sod, especially if 
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recently fertilized with undecomposed manure, they stood a much bet- 
ter chance of escape if the field was prepared early in the season and 
the maggots given a chance to develop and disappear before the beans 
were planted. To illustrate this point the following cases are cited: 

Near Akron, Tuscola county, a field of five acres of beans planted on 
clover sod, was injured to the extent of about fifty per cent. After the 
damage was first noticed on June 22d, two acres of this field were 
plowed and replanted on the 28th. The second planting was slightly 
injured by the maggots but not nearly as badly as the first crop. An- 
other field of beans located directly across the road had been planted 
at the same time, but on an overturned timothy sod without an applica- 
tion of stable manure; in this case no injury from maggots was shown. 

In another instance in this same locality, a field consisting of clover 
sod was heavily manured before plowing and fitting. This field consisted 
of nine acres of which six acres was sowed to beans, two and one-half 
acres to corn and one-half acre to potatoes. The beans, which were 
planted on June 14th, were damaged, resulting in about an eighty per 
cent loss, making it necessary to plow and reseed with millet. The corn 
which was planted about June 5th showed no damage. 

Another case which shows nicely the effect of a combination of clover 
sod and manure, occurred near Middleton on a Gratiot county farm. 
One area which had been in clover the previous year and early spring 
had hogs penned in the middle of the field where they remained until 
June 20th. The field was planted to beans on June 23d without the use 
of fertilizers. Injury from the bean-maggot was shown only where the 
pigs had been. On this farm the other field, which had previously been 
in oats and which received practically the same treatment as in the first 
case, showed no injury. 

The following illustration is from a forty-five acre bean field on a farm 
near Bad Axe in Huron county. In this field, which had formerly been 
a pasture lot, the higher bare spots received stable manure before plow- 
ing and these were the only portions infested with maggots. 

The preceding illustrations are cited as examples of the many cases 
that were examined during the season, all of which point to the same 
conclusion. 

In summing up, it appears that the best way to combat the bean- 
maggot is by cultural methods. As the maggot breeds in manure and 
other decaying material, as well as in exposed clover roots moistened 
by rains, it is necessary to prepare the ground early in the season to 
allow the maggots time to disappear before the beans are sowed. Fur- 
thermore, it seems that plants from more vigorous seed suffered less 
injury than those of poorer vitality. 

Land which is in clover, or which is covered with manure, should be 
plowed early and prepared so that the soil will be in good condition. 

Commercial fertilizers may be substituted for barnyard manure when 
the necessity for late fitting of the soil demands it, and repeated harrow- 
ing and perhaps rolling, especially when the ground is light in texture, 
seem to aid. 
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SUMMARY. 
To Circular No. 29. 


(1) Infectious abortion in cattle is widely distributed throughout 
the state. 

(2) We know very little about many features of the disease. 

(3) There is no entirely satisfactory and easily applied method of 
controlling the disease known to us. 

(4) A common way in which the disease is introduced into the herd 
is through the purchase of an affected female animal. 

(5) Food or water soiled by the discharges of an affected animal 
may convey the disease to healthy animals. 

(6) The bull may convey the infection from one animal to another. 

(7) Not all abortions are known to be infectious. 

(8) There are no known symptoms by which we can always differ- 
entiate between infectious abortion and abortion due to other causes. 

(9) Through a blood examination we are apparently able to deter- 
mine whether the abortus bacillus has affected the animals of a herd. 

(10) The blood examination will not determine whether an animal 
will abort as all affected animals do not abort. 

(11) Sterility frequently follows abortion. If this can be prevented 
by local treatment subsequent pregnancies will usually terminate 
normally. 

(12) In the hands of an experienced operator sterility may yield to 
special treatment. 

(18) An animal may harbor the infection for years without aborting. 
Such animals are dangerous to susceptible animals in the herd. 

(14) We have not been able uniformly to prevent abortion by the use 
of bacterial vaccines. 

(15) Carbolic acid is the principal constituent of some of the most 
widely advertised so-called abortion cures, but our experience with car- 
bolic acid has not been entirely satisfactory. 

(16) Methylene blue has been recommended. We have not had 
sufficient experience with this drug to justify us in recommending it, 
but our knowledge of it does not warrant its recommendation. 

(17) The plan we suggest is one of local treatment of the affected 
cow, disinfection and sanitation. 

(18) Parturient cows in infected herds, whether aborting or not, 
should be isolated from the herd and kept isolated until all discharges 
have ceased. 

(19) The afterbirth and litter contaminated with the discharges 
should be burned. 

~ (20) The cow should receive irrigations of some mild non-toxic anti- 
septic until the discharges haye ceased. 

(21) The external parts of the cow should be cleaned daily. 
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(22) In case of abortion the animal should not be bred until all 
discharges have ceased. 

(23) At the time of service the sheath of the bull should be irrigated 
and the inferior abdominal surface of the bull should be cleaned before 
and after service. 

(24) A 1 to 1000 solution of potassium permanganate, 14 of 1 per 
cent. compound solution of iodine, a 34 of 1 per cent. solution of com- 
pound solution of cresol or sour whey may be used for uterine and 
vaginal injections. 

(25) Drastic or improper treatment of the genital organs of a cow 
is more injurious than no treatment at all. 
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INFECTIOUS ABORTION IN CATTLE. 


Circular No. 29. 


INTRODUCTION. 


In Michigan we consider infectious abortion one of the three in- 
fectious diseases (hog cholera, tuberculosis, infectious abortion) of 
greatest importance and gravest danger to the industry of animal hus- 
bandry in this section of the country. Our experiences gained by con- 
versation, correspondence and personal inspections, indicate that in- 
fectious abortion is distributed throughout the state in the pure bred 
herds especially, but also in herds without breeding. It is found in pub- 
lic institutional and in private herds where sanitary conditions are 
nearly ideal and in herds kept under very insanitary conditions. Its 
greater prevalence in pure bred herds is not due to their breeding, but 
to the greater and more widespread traffic in such animals. 

There is a popular and urgent demand from all parts of the state for 
information relative to this disease and in an effort to satisfy this de 
mand we are presenting the facts concerning the disease as they now ap- 
pear to us. We must confess an ignorance of many features of the dis- 
ease and an inability to outline any entirely satisfactory plan of con- 
trol. Many European and American investigators are studying the 
various phases of the disease with the one object of discovering some 
means of control. However, knowledge of a definite and practical na- 
ture which can be effectively applied must be expected to come slowly. 
From a careful study of all the available literature and from our own 
observations we are presenting that which to us appears the best. 


MEANS OF DISSEMINATION. 


Affected cows. A common way in which the disease is introduced 
into the herd is through the purchase of an affected female animal. She 
may be an apparently healthy cow, either with calf or non-pregnant. If 
affected, such a cow may become a source of infection at the time she 
calves and remain so until the uterus is free of the disease or until the 
cow again becomes pregnant. During pregnancy we do not know 
whether an affected animal eliminates the infectious organism through 
the genital passages, but we are inclined to believe they do not. Just 
how long an affected cow will continue to discharge from the vagina the 
infectious material after an abortion or a normal parturition we do 
not know, but it is known that the cow may excrete the abortion germ 
for years in the milk. 

The bull. The bull may carry the infection from one animal to an- 
other. The bull does not necessarily become affected with the disease, 
but through contamination of the penis and sheath with the discharges 
of an affected cow he is able to convey the disease to other animals. 
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Contaminated food and water. Food or water soiled by the discharges 
of an animal that has aborted or of an affected animal that has calved 
normally may convey the disease to a healthy animal. Calves born of 
such animals may also spread the disease germs with their feces. 


DIAGNOSIS. 


Infectious and non-infectious. As to the diagnosis of infectious abor- 
tion it may be said that not all abortions are known to be infectious. 
Various causes may produce abortion. It is of the utmost importance, 
when an animal aborts to determine if possible whether the abortion is in- 
fectious. There are no symptoms by which this fact can be determined 
with accuracy although the history of Be case may be helpful in mak- 
ing a diagnosis. 

Blood tests. Through a blood eeaiudayn the nature of the abortion 
or the presence of infection in the herd may be determined with a fair 
degree of accuracy. We shall be glad to make this examination without 
cost for anyone who will furnish us with about one ounce of blood from 
each animal to be examined. When abortion occurs in a herd it is sug- 
gested that every animal in the herd be tested. It is a fairly easy opera- 
tion to draw the blood from the jugular vein. Any qualified veterina-_ 
rian, with about two men to assist in holding the animals should be able 
to draw 20 to 80 samples in an hour. This laboratory will furnish sterile 
bottles for the samples to anyone requesting them and stating the num- 
ber to be tested. 

Iimitations of blood tests. Let it be understood that we cannot de- 
termine by this test whether an animal will abort. Not all affected 
animals will abort. Abortion is a symptom of a disease and like most 
symptoms is not constant. The test may serve to determine the extent 
of infection in a herd but not the number of animals that will abort. 
The test indicates that an animal may harbor the infection for years 
without aborting. If this is true it may be necessary to handle such 
an animal with thé same care to PS e spreading of the disease as 
though abortion had occurred. 

Sterility. One of the serious aspects of this disease is the frequency 
with which sterility follows abortion. If we can prevent this by local 
treatment of the genital organs, following pregnancies will, in the ma- 
jority of cases, terminate normally. 

Carriers. We have reason to believe that an animal may harbor the 
infection for years and, while able to tolerate the presence of the abor- 
tion germ, she may be a constant menace to susceptible animals in the 
herd. Again there are animals in affected herds that become infected 
but may.not abort. Such animals, and those that have apparently re- 
covered, since they do not continue to abort, are to be considered dan- 
gerous animals in the herd from a sanitary point of view, and ones pre- 
senting great difficulties in the control of the disease. In carrying out 
any plan aimed at the eradication of the disease, such animals should be 
handled in a manner similar to that employed with aborting animals. 
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CONTROL OF THE DISEASE. 


Unfortunately it is not possible at this time to suggest an entirely 
effective and satisfactory plan of controlling this disease. 

Bacterial vaccines. In our experimental work with the use of bac- 
terins on pregnant animals and with the use of living cultures of the 
- abortus bacillus on open females we have found that the results have 
not been encouraging. So far we have been unable constantly to prevent 
abortion by the use of bacterins on pregnant animals and we are yet un- 
certain as to the beneficial, or even injurious effects, resulting from the 
use of living cultures on open females. Others have reported similar ex- 
periences. 

Carbolic acid. There are a number of so-called abortion cures on the 
market, none of which we can recommend. The principal constituent of 
some of the most widely advertised abortion cures is carbolic acid. This 
drug has been used in the treatment of infectious abortion for many 
years and is recommended by some but our experience with it in this 
state has not been entirely satisfactory. 

Methylene blue. Recently methylene blue has been recommended. We 
have had little opportunity to observe the effects of this drug on preg- 
nant animals in affected herds, however we have seen animals abort on 
the methylene blue treatment and we have had unfavorable reports from 
dairymen who have used the drug. Owing to the limited data at hand 
as to its merits we do not feel justified in recommending it. For the 
benefit of those who wish to try methylene blue we quote from a per- 
sonal communication from Dr. Rich of the Vermont Station. “I would 
say that the interrupted method of giving the methylene blue advised in 
our preliminary bulletin did not prove as satisfactory as our former 
method of giving it constantly for from four to six weeks, so for nearly 
a year we have advised giving about a half ounce daily for at least four 
or five weeks.” He would revise the directions to read as follows: “The 
opinion of the writer to date is that the treatment should begin early in 
pregnancy; that 10 to 20 grams (14 to 24 oz.) should be given on silage 
or moistened grain feed, each day, for four or five weeks.” To Dr. Rich 
is due the credit for having first suggested the use of this drug for in- 
fectious abortion in cattle. 

Acquired immunity. Occasionally we hear of apparently favorable 
results from the use of various remedies, but we are convinced that in 
the majority of cases, the apparent beneficial results are explained by a 
possible tolerance to the disease which may follow after a previous abor- 
tion. Many cows abort only once or twice, subsequent pregnances ter- 
minating normally. 

Sale of aborting animals. Frequently one is advised to sell for slaugh- 
ter the aborting animals. The disease cannot be controlled in this way 
since all affected animals do not abort. An animal affected with the 
disease but not aborting may be as great a source of danger to other non- 
affected animals as is one aborting. : 

Suggested plan. In the light of our present knowledge of the disease 
the only plan that we suggest for the control of the disease in affected 
herds, that offers any hope of reward, is one of local treatment of the 
affected cow, disinfection and sanitation. 
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Isolation and treatment of parturient cows. Each case of partur- 
ition, whether premature or normal, should be separated from the herd 
and kept isolated until all uterine discharges have ceased. The after- 
birth and all litter contaminated with the discharges should be burned 
or buried deeply. Should the cow not clean within twenty-four hours 
after delivery, an attempt should be made by a qualified person to re- . 
move the afterbirth. The floor of the stable or maternity stall and gut- 
ter should be disinfected. Such a cow should receive once daily, uterine 
irrigations of some mild, non-toxic antiseptic until the uterus can no 
longer be entered by ordinary methods and then vaginal injections once 
every two or three days or oftener until the discharges have ceased. The 
external parts that are likely to become soiled with the discharges 
should be cleaned with a disinfectant. Not until the discharges have 
ceased should the animal be returned to the herd and if the case is an 
abortion, breeding should be deferred until there is reason to feel that 
no infection of the reproductive organs exists. 

Non-breeders and persistent cases. Recently there has been intro- 
duced into this country, largely through the efforts of Prof. W. L. Wil 
liams of Cornell, a more or less systematic plan of procedure in the 
handling of cases that persistently fail to breed or to carry their calves 
to full term. It appears that the cause of these troubles is referable to 
a diseased condition of the mucous membrane of the vulya, vagina or 
uterus or to diseased ovaries. The treatment of the ovaries consists in 
manipulating them after a manual explordtion through the rectum and 
vagina, with the object in view of rupturing cysts which vary in size 
from very small to the size of a hen’s egg and of expressing from the 
ovary persistent corpora lutea (yellow bodies) which should disappear 
normally. The treatment of a diseased mucous membrane of the uterus 
requires the use of special instruments. The lips of the os are seized 
on either side by long forceps and the uterus is drawn back until the 
os is easily seen from the vulva. An entrance is then carefully made 
with dilator forceps followed by a special tube so constructed as to per- 
mit of the introduction of an antiseptic fluid and its return without its 
contact with the vaginal mucous membrane. It appears that the mucous 
membrane of the uterus is capable of withstanding a nuich stronger an- 
tiseptic solution than is that of the vagina. The presence of even a very 
minute quantity of pus or the existence of a very mild inflammation may 
prevent conception and this treatment helps to overcome such conditions. 
Both ovarian manipulations and uterine irrigations need to be repeated 
in most cases. It is needless to say that this phase of the treatment re- 
quires the services of a carefully trained and experienced man; but its 
application is attended by a goodly percentage of favorable results and 
its value to the pure bred cattle industry is far beyond the apparently 
high cost of application. 

All cattle. In the aborting herd vaginal irrigations should be given 
to all non-pregnant females two or three times a week and the tail, and 
the buttocks and thighs of all the cattle should be frequently cleaned 
with a disinfectant. Only a slight amount of discharge may collect on 
these parts but due to its salty taste cattle will frequently lick the soiled 
parts of other cattle and it is claimed by the English investigators that 
cattle may acquire this disease through the alimentary canal. At the 
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time of breeding the inferior abdominal surface of the bull should be dis- 
infected and the sheath irrigated before and after service. In lieu of 
antiseptics for uterine and vaginal injections we are using sour whey 
obtained by curdling skim milk with the ordinary lactic acid organism 
or with Bact. bulgaricum and find this to be a very effective remedy. 

Antiseptics suggested. For uterine and vaginal injections and for 
flushing the sheath of the bull before and after service, a non-toxic, non- 
irritating antiseptic should be used. For example, 1 to 1000 solution 
of potassium permanganate, 34 per cent. solution of compound solution 
of eresol or 14 of 1 per cent. compound solution of iodine. Chinosol has 
been strongly recommended as a powerful non-irritating antiseptic but 
it is expensive. 

Potassium permanganate. A solution of potassium permanganate ap- 
proximately 1 to 1000 may be conveniently made as follows: Place 2 to 
4 ounces of potassium permanganate in a quart fruit jar and then fill 
with water. Shake vigorously and allow all the undissolved crystals to 
settle to the bottom. The solution above the undissolved crystals is a 
saturated solution. To dilute for using, take 4 teaspoonfuls of the 
saturated solution to a quart of water or 2 ounces to one gallon of water. 
The supply of saturated solution may be kept up by adding water and 
sufficient potassium permanganate to keep more in the jar than will be 
_ dissolved. Always let settle before using. 

Cresol. The cresols are very reliable but objectional in a dairy barn 
on account of their disagreeable odor. A 34 per cent. solution of com- 
pound solution of cresol can be approximated by adding 2 teaspooonfuls 
of the compound solution of cresol to one quart of water, or 8 teaspoon- 
fuls to one gallon of water. Clean water that has been boiled and cooled 
should always be used in making up ‘solutions. 

Sour whey. The use of sour whey for uterine and vaginal injections 
has already been referred to. We have been using sour whey for about 
three years and have obtained better results from its use than from the 
use of other antiseptics. The method of preparing this whey is as follows: 
Place fresh skimmed milk in a clean vessel and add a culture of the 
lactic acid organisms (cultures may be obtained from this laboratory at 
25 cents each or creamery starter may be used if one is conveniently 
located relative to a creamery). Set in a warm place (70-80° F.) until 
a firm curd has formed. Break this curd up into a number of small pieces 
with a clean rod or spoon and filter through clean cheese cloth into 
clean fruit jars. This whey is to be injected in about 4 to 8 ounce doses 
daily into the uterus as long as it can be entered by ordinary methods 
and 2 to 4 ounce doses into the vagina until discharges have ceased. 

Fresh whey should be made up at least once a week and kept in a cool 
place until used. If too much acidity has developed it may be diluted 
by adding water that has been boiled and cooled. Whether this is 
needed may be determined by tasting. If irritating to the mouth it 
should be diluted. 

In warm weather it is sometimes difficult to keep sour whey prepared 
in this way longer than two or three days. Under such conditions the 
following method of preparation is suggested: Bring fresh skimmed 
milk to about 85° F. Add one dram of rennet in an ounce of clean 
water to a gallon of this milk, stirring constantly while adding. Let 
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stand until a firm curd has formed. This will require 10 to 30 minutes. 
Break the curd up into seyeral pieces, heat to the boiling point and filter 
through cheese cloth. Place the whey in sterile fruit jars and sterilize 
by setting the jars in a boiler of water and boil for about 30 minutes to 
one hour each day for three consecutive days. When boiling for the 
first time the tops and rubbers should be placed loosely on the jars but 
as soon as the boiling process ceases the top should be immediately tight- 
ened. At subsequent boilings the tops should be left undisturbed. It is 
suggested that some old towels or a wooden rack be placed in the bot- 
tom of the boiler to prevent the jars coming in contact with the bottom 
of the boiler. Whey put up in this way can be kept almost indefinitely. 
When desired for use, take that quantity of whey needed for two days’ 
treatment and add a culture of the lactic acid organism and set in a 
warm place. In one to two days, enough acidity should have developed 
for use. Occasionally the lactic acid organisms fail to grow in whey, 
therefore it should always be tasted before using. A. sour taste indicates 
that the organisms have been active. : 

Method of injections. After abortion the injection should be made 
into the uterus. The best way for the inexperienced man to accomplish 
this is to secure a piece of rubber tubing about 4 or 5 feet long and 14 
inch in diameter or a fiber male (horse) catheter. Attach one end of 
either tube to a tin ov glass funnel and into the other insert a metal 
(aluminum) tube about 14 to 16 inches long. If the rubber tubing is 
rather stiff (or if the catheter is used) it will not be necessary to use 
the metal tube. Introduce the hand into the vagina a distance of about 
8 to 10 inches and locate the mouth of the uterus. Then introduce the 
metal tube through the mouth into the uterus. An attendant now pours 
the solution into the funnel, raises it and allows it to gravitate into the 
uterus. This treatment should be given every day as long as the mouth 
of the uterus is sufficiently open for the tube to be introduced without 
difficulty, then vaginal injections should be given two or three times a 
week until the uterine and vaginal discharges have ceased. During the 
treatment, the external genitals, buttocks and tail of the animal should 
be kept clean by washing with some disinfectant. 

Treating the genital organs of the cow after abortion is a matter of 
very great importance. Drastic or improper treatment is more injurious 
than no treatment at all. Many cows have been made sterile and others 
have been killed by drastic treatment. 

In the first place the hand should not be forcibly introduced through 
the mouth into the uterus. For a time after delivery the mouth of the 
uterus is sufficiently open to admit the hand without difficulty. It grad- 
ually closes, the time required depending upon the course of the diseased 
process in the uterus, until the hand cannot be introduced without force. 
Before introducing the hand the finger nails should be cut short and 
cleaned, the hand should be scrubbed with water and soap and then 
washed in a 1 to 50 solution of compound solution of cresol or 1 to 1000 
solution of bichlorid of mercury. . 

Importance of selecting proper antiseptic. The selection of a solu- 
tion for irrigation of the genital passages and the quantity to be used 
is not a matter of indifference. Let it be emphasized that a disinfection 
of the mucous membranes of the genital passages by strong disinfect- 
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ants cannot be accomplished without producing serious injury to these 
membranes, especially to that of the vagina. No medicinal agent that 
can be safely used on the vaginal mucous membrane is likely to have 
any appreciable direct effect upon the bacterial life in the deeper layers 
of the membranes. The best that can be hoped for is a cleaning of the 
mucous membranes and a removal of the products of the diseased pro- 
cess and that of the bacterial growth that is going on. A flushing out 
process is desired and the solution used must be non-toxic and non-irri- 
tating or injury will be done. If the animal has cleaned well the safest 
solution that can be used is physiological salt solution made by adding 
1 ounce of table salt to 1 gallon of clean water that has been boiled and 
cooled. The solutions of potassium permanganate, iodine and cresol 
already referred to may be used. The solution used should be warmed 
to about body heat before injecting. For the first injections after abor- 
tion, as much as 10 quarts of solution may be introduced if the uterine 
contractions are sufficiently strong to force the solution out, otherwise 
care should be taken not to introduce too large a quantity. Thereafter — 
1 to 3 pints may be safely used. Where a large quantity is used it should 
be siphoned off after it has remained in contact with the mucous mem- 
brane for a few minutes. This is a difficult procedure but sometimes can 
be accomplished by holding the hand in the mouth of the uterus and 
keeping the end of the rubber tubing used in introducing the solution 
near the floor of the uterus. The attendant now fills the funnel, grasps 
the rubber tubing just below the funnel between the thumb and fore- 
finger and lowers it at the same time. When the funnel is lowered to a 
point below the end of the tubing in the uterus and the pressure is re- 
leased, the solution in the uterus will be siphoned out. The mouth of 
the uterus must be held open during this process in order that air may 
be introduced. Sometimes the solution will cease-to flow from the 
uterus. This may be due to the end of the tubing being pulled out of 
the solution in the uterus or it may be due to plugging the end of the 
tubing with fragments of the afterbirth or with a fold of mucous mem- 
brane of the uterus. 

In making uterine injections a policy of gentleness and scrupulous 
cleanliness must be adopted and every effort made to avoid injury to the 
genital organs. In making vaginal injections it is not necessary to in- 
troduce the hand into the vagina, the tube is introduced into the vaginaa 
distance of six to eight inches and one to two quarts of the solution are 
used for each injection. 

It will be seen from the above that to properly treat the genital or- 
gans with antiseptics is a careful and troublesome process and one not 
entirely free from danger. As a safer and less troublesome, and equally 
effective, process we have adopted the use of sour whey. Sour whey is 
used with a high degree of success in human medicine in the treatment 
of gonorrheal infections and has met with success in our hands in the 
treatment of aborting animals. It is without injurious effects upon the 
genital mucous membranes and may be left in the uterine cavity. It 
does not seem to be necessary to use large quantities of it as is the case 
with the use of other antiseptics. Its good effects are probably due to 
the ability of the lactic acid organism and the products of its growth 
to prevent putrefaction and the growth of disease-producing organisms. 
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In the use of sour whey it is suggested that for the first: day or two 
after abortion the uterine cavity may be irrigated with physiological salt 
solution before introducing the sour whey. 

Breeding of affected cattle. No cow should be bred as long as there 
is any discharge from the genitals. Usually several months should in- 
tervene between abortion and subsequent breeding. The cow to be 
bred should have the external genitals and adjacent parts cleansed with 
a disinfectant. The inferior abdominal surface and the sheath of the 
bull should also be cleansed both before and after service. A 1 to 40 
solution of compound solution of cresol or 1 to 1000 solution of 
bichloride of mercury may be used for cleansing the external parts of 
the cow and bull. This can be applied more effectively by scrubbing 
with a brush. 

Treatment of bull. For irrigating the sheath of the bull a 84 of 1 per 
cent solution of compound solution of cresol may be used. The method 
of irrigating the sheath of the bull is as follows: Use the same equip- 
ment as used in making uterine injections. Insert the tube into the 
sheath a distance of 3 to 4 inches. Grasp the sheath with one hand and 
hold tightly around tube so as to prevent leakage; have attendant pour 
solution into funnel and let gravitate into sheath. Still holding the 
sheath, massage carefully with the other hand so as to force the solu- 
tion into all the folds and hold this solution in the sheath 2 to 3 min- 
utes. Repeat once or twice. 


CONCLUSION. 


Infected milk. We have much faith in the above plan where persist: 
ently carried out. There is yet one possible difficulty, if not more, in 
the way of eliminating this disease. We cannot speak from experience 
on this point but we are now conducting an experiment which we hope 
will throw light on it. We refer to the possibility of calves becoming in- 
fected through milk from infected animals. Some work has been done 
on the presence of the abortus bacillus in milk with interesting results. 
Cows are known to have excreted this organism in their milk for a per- 
iod of two to four years. This being true and if calves are susceptible 
to infection by the abortus bacillus while on a milk diet, another seri- 
ous problem presents itself for solution. Mr. L. H. Cooledge of this 
laboratory has isolated directly from milk of aborting cows organisms 
corresponding to Bact. abortus. He has also shown that the milk serum 
of some aborting cows is capable of producing the agglutination and 
complement fixation reactions in the same manner as does the blood 
serum of these cows. 


However, it is possible that there is no cause-for alarm on account of 
this circumstance. It may be possible that this will prove to be a valu- 
able prophylactic feature. In other words the consumption of quanti- 
ties of milk containing the abortus bacillus day after day by the calf 
may result in the production of an active immunity. While our own 
experimental work with the use of living cultures of the abortus bac- 
illus in the production of immunity is not encouraging, their use is re- 
ported on favorably by some. Further researches are necessary to re- 
veal the truth. On the other hand, Prof. Williams urges the use of 
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heated milk for raising calves in order to prevent their suffering from 
the bad effects of the presence of the germ. 

Effect on man. What effect the consumption of such milk in the raw 
state may have on the human family, especially children, is not known. 
The work of Larsen and Sedgwick of Minnesota, and of Cooledge of this 
station indicates that children or adults may be affected, though not 
necessarily detrimentally, by the consumption of raw milk containing 
the abortus bacillus. The former report 425 complement fixation tests 
of the blood of children, 17 per cent of which were positive. It is 
claimed that the proportion of reactions would have been greater had 
the tests been confined to children fed with raw cow’s milk. 
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CUCUMBER GROWING. 


Circular No. 30. 


PREPARATION OF 'TIIn Sort. To produce cucumbers profitably a loca- 
tion is necessary near a good sized town or a salting station and where 
enough help to do the picking can be secured. The crop will do well 
on a variety of soils. If planted on soil that is inclined to be light and 
also deficient in humus, the yield may be small unless rain is plentiful 
during July, August and September. If planted on heavy clay, the 
plants may suffer in a wet year from the soil becoming hard and packed, 
caused by tramping while picking the cucumbers. <A clay loam that is 
well supplied with humus or decayed vegetable matter is very satis- 
factory. If it is tile drained, so much the better, for at picking time one 
must get on the ground to pick no matter how wet the soil may be. 

A clover sod plowed early, worked down and harrowed occasionally 
until planting time makes a good seed bed. Timothy sod handled in the 
same way is also suitable if it is not too badly infested with cut worms. 
In fact, any soil intended for cucumbers should be plowed early and 
kept well worked until planting time. Such a method of handling pays 
for several reasons: 

I'irst—It helps rid the soil of weeds. When soil is plowed, rolled and 
worked down reasonably fine, millions of weeds will germinate in a 
few days which can be destroyed by harrowing on a bright day. A 
second harrowing a week later will destroy a second lot of seedlings. 
A tliird and fourth harrowing will destroy a third and fourth lot of 
seedlings and the fourth lot will just about rid the top soil of weed 
seeds. The cheapest, quickest and best way to cultivate a crop is to 
harrow the soil before the seed for that crop is planted. 

Second.—Keeping the soil well worked conserves moisture and en- 
ables the seed to germinate no matter how dry the weather may be at 
planting time. Soil that has not been plowed or worked until it is need- 
ed for planting is quite likely to be dry and full of clods. By the time 
these clods have been worked down sufliciently fine, the top soil has 
lost much of its moisture. Such soil might do as a seed bed for corn or 
for any crop with large seeds which may be planted quite deeply, but 
it will not be satisfactory for cucumber seeds which should not be 
planted over an inch deep. Soil which has been plowed early and har- 
rowed occasionally will be moist an inch below the surface, even during 
a very dry time. Seed planted in such a soil will germinate readily and 
produce an even stand of vines which is worth a good deal to any 
grower. 

Third.—Early plowing and frequent harrowing will put the soil in 
such a physical condition that it will not pack and bake after. every 
rain. It will become loose, mellow and friable; rain falling upon it 
will drain away, leaving it in practically the same condition as it was 
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before the rain, while a rain upon freshly plowed ground is quite likely 
to cause a crust to form. If seed has just been planted or if the young 
plants are just up, such a crust will be very injurious. 

Fourth.—Karly plowing and frequent harrowing makes the plant food 
in the soil available and plant food must be in solution before plants 
are able to use it. The more finely divided a substance is, the more 
readily will it dissolve. This clearly illustrates why a well prepared 
seed bed has advantages over lumps and clods. Harrowing the soil 
aerates it, that is, it enables the air to enter the soil more readily. Be- 
sides, soil contains minute forms of plant life, known as bacteria, which 
only thrive and multiply in the presence of air. These bacteria are bene- 
ficial inasmuch as they break down complex forms of plant food and 
make it more quickly available for the plants’ use. 

Fervitizers. Cucumbers are not hard on the soil but to be a success- 
ful crop the soil should be quite rich. They are quick growing plants 
and have not the time to rustle for a living, nor can the grower afford 
to have them do so. The thing to do is to provide them with an abund- 
ance of plant food so that they may grow, as it were, at high pressure. 
On the average land, they should not follow sugar beets, cabbages, 
potatoes or oats unless such land has, in the meantime, received a liberal 
application of barnyard manure or commercial fertilizer. 

No fertilizer material gives better results than well rotted stable 
manure. If it is plentiful it may profitably be spread broadcast and 
plowed under, but if the supply is limited, it will be most economical 
if applied in the hills. 

If commercial fertilizers are to be used, the ground should be plowed 
early and the fertilizer drilled broadcast as early in the season as possi- 
ble. When the cucumbers are to be grown for pickles, a fertilizer of 
the following composition is recommended : 


INTER OSE eo prtie, Hee dae Vauacehd 3 to 4% 
Available Phosphoric acid. 8% 
LUA I) eed ca eee ements 6 to 10% 


About one-half of the nitrogen should be in the form of nitrate of 
soda and the remainder as readily available organic nitrogen, such as 
dried blood or high grade animal tankage. A fertilizer of about this 
formula can be readily obtained of any manufacturer. From 500 to 
1000 pounds, depending upon soil conditions, should be used per acre. 

In using commercial fertilizers, it should be remembered that the 
best results will be obtained when they are used upon soils that are in 
good physical condition and well supplied with organic matter. 

“Some growers of cucumbers advise the use of a certain amount of 
fertilizer in the drill a short time before the seed is planted but this 
has not been found the best method and is only justifiable when the 
amount of fertilizer available is very limited. If the soil is made ex- 
ceedingly rich immediately around the plant and at a greater distance 
left without sufficient plant food, a rank vigorous plant is started, 
which the soil at a greater distance is not able to support. It is from 
the soil several feet away that the vine gets the greater part of its 
nourishment during the bearing season. For this reason, we advise the 
broad-casting of all fertilizers. After the soil has been thoroughly fer- 
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tilized, it is not objectionable to use a small quantity of chicken or 
hog manure in the drill as a “starter,” but when this is done, the 
manure should be thoroughly worked in the soil before the seed is 
planted. In all cases care should be taken to see that the seed is not 
brought into direct contact with the fresh manure. Nitrate of soda can 
also be used profitably as a “starter,’ and when used should be applied 
after the plant is up, care being taken to see that it does not come in 
direct contact with the stem or leaves. The best method of applying 
this is to open a shallow furrow, about three inches away from the 
plants. Spread the nitrate of soda in this furrow and cover with loose 
earth.” 


VarIETIES. Boston Pickling, Chicago Pickling and Snow’s Perfection 
are the three varieties that are usually grown for pickles. They are 
prolific yielders, producing their cucumbers in clusters. 

When cucumbers are grown to be sold direct to the consumer or to a 
retail grocer, some strain of the White Spine is generally grown. This 
is a prolific variety which yields fine straight cucumbers but which are 
a little too large in diameter to be suitable for bottling. This is also a 
good variety to grow when it is desired to produce early “slicers.” 
Slicers are the large cucumbers suitable for slicing and are eaten fresh. 

Some of the Long Green strains will produce “slicers” of better qual- 
ity but not so early in the season as the White Spine. They are freer 
from seeds and the flesh is firmer and when well grown they will com- 
pare favorably with hot house cucumbers. Varieties suitable for hot 
house culture are not adapted to field conditions. 


Puantine Time. “The best time for the planting of the seed is de- 
termined to a large extent by the nature of the soil and the latitude in 
which the cucumber is to be grown. On light warm soils seed can be 
planted earlier with safety than on the heavier soils. In all cases, how- 
ever, the seed should not be planted until after the danger of frost is 
past and the soil is sufficiently warm to produce a quick, healthy germi- 
nation of the seed. In Michigan, it has been found safest to plant from 
May 25th to June 10th, depending upon weather and soil conditions. If 
planted too early, or in cold soil, there is not only danger that one will 
get a slow, weak germination of the seed and a stunted weak plant 
but the plants are more frequently troubled by cut worms, wire worms 
and the striped cucumber beetles in May than they are in the warmer 
period in June.” 


PLANTING Suep. “Make a shallow furrow in the soil about three 
inches deep, allowing a space of seven feet between the rows. These 
furrows may be made by using a small shovel plow or any other con- 
venient implement, such as a corn marker. Drop the seed immediately 
after the furrow is opened, planting one about every four inches; cover 
at once with mellow loose earth to a depth of about one inch. A hoe 
or rake may be used to push the earth over the seed—some find it con- 
venient to use a hand or onion seeder. If the seed is planted in this 
way, the surface of the field should be immediately gone over with a 
drag, as it has been found that birds soon detect the marks of the seeder 
and in many cases, have followed them up and pulled out the seed be- 
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fore it has time to germinate. By using the drag the marks of the 
seeder are destroyed. In no case should “the seed be planted until the 
surface of the soil is thoroughly pulverized and leveled. This will give 
a more even depth of the seed in the soil and a more uniform stand of 
plants.” 


CuttivatTion. “Begin cultivation just as soon as the plant makes its 
appearance above the surface of the soil. Use a hoe or garden rake to 
break the crust immediately around the plant and to keep the rows free 
from weeds. Cultivate at least once each week until the vines cover the 
space between the rows. The first cultivation may be to a depth of from 
three to four inches, but after the first week, the soil should not be 
cultivated to a depth exceeding one and one-half to two inches. Culti- 
vate often enough to keep a dust mulch on the top of the soil and in all 
cases, cultivate as soon after a rain as the ground is dry enough to work. 
Bear in mind that frequent cultivation is essential to the conservation 
of the moisture, which all growing plants must have.” 


ToHinnine. “Too much attention cannot be given to the importance of 
thinning plants so that when they reach their maturity the vines will 
not be crowded or matted. If too many plants are left standing, they 
will be weak and lack the vitality necessary to produce a large yield 
or a good quality of pickles. One strong, vigorous plant can produce 
more pickles and better pickles than three or four weak plants. A 
straight, well formed pickle can only be grown on a strong healthy plant. 
It is impossible to pick a field of rank, matted vines as well or as quickly 
as one on which the vines are thinner. Where possible, two thinnings 
should be made. The first when the plants have reached a height of 
from four to five inches and just after the third leaf has unfolded. The 
thinning should be done with a hoe or knife and the weaker plants cut 
out, leaving one healthy plant standing about every twelve inches in the 
row. The “second thinning should be made in the same way just after 
the plants fall over and begin to run and before the runners have reached 
a length not exceeding twelve inches, leaving one plant every twenty- 
four inches in a row. On muck soils, which are excessively rich in nitro- 
gen, only one healthy stalk should be left every three feet in the 
row.” 


Pickine. Usually cucumbers are planted about June Ist, and pick- 
ing will begin the latter part of July or the first of August, depending 
upon the thriftiness of the vines. The first two or three pickings will 
hardly pay for the gathering but it is very necessary to remove them 
for the good of the vines. The fewer the cucumbers that are allowed 
to become full grown, the better will the vines bear. Very few growers 
realize what a bad effect it has upon vines to allow the cucumbers to 
become overgrown or the injury that may be done in careless picking, 
which results in tearing and breaking the vines. In average growing 
weather, 48 hours may intervene between pickings and later in the sea- 
son, 72 hours may not be too long. This is assuming that the vines are 
picked reasonably clean at each picking. It is impossible to find and re- 
move every cucumber at any one time but that should be the aim. Large 
cucumbers in which seeds are forming reduce the vitality of the vines 
and a plant that has produced seeds becomes inactive and soon ceases to 
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grow; but just as long as it is prevented from producing seed, it will 
endeavor to do so. The result is that small cucumbers in abundance 
will continue to form until the vines are killed by frost. 


Yietp. There are so many factors which influence the yield that it is 
unwise to try to tell any prospective grower what he will get in bushels 
per acre. This much is certain, however; one acre of vines that is kept 
well picked will produce more bushels and, therefore, a much greater 
net profit than will two acres of equally good vines which are only in- 
differently picked. Two hundred bushels of marketable cucumbers is 
the average yield of one Michigan grower over a period of nearly twenty 
years. This was on a large acreage, so any fairly intelligent grower 
who does not plant too extensively should be able to secure such yields. 


Insects. There are three or four insects which feed on the cucumber 
vine or its fruit. The striped cucumber beetle (Diabrotica vittata) at- 
tacks muskmelons and early planted cucumbers but does not work ex- 
tensively in the main or late crop plantings. Most growers plant four 
or five times as many seeds as they desire plants, which allows the 
beetles to take some without ruining the stand. If the beetles work too 
badly, the vines may be dusted, preferably while the dew is on, with 
nine parts air slacked, or better, hydrated lime and one part arsenate 
of lead powder. Paris green should not be used as it may burn the 
vines. Coating the plants with a spray of six pounds arsenate of lead 
paste to fifty gallons of water makes them distasteful to the insects. 


There is a plant louse which attacks cucumber vines. It is a sucking 
insect, so cannot be destroyed by applying a stomach poison, but must 
be killed by a contact spray if killed at all. If the first few hills affected 
are buried, vines and all, it will do much to control the pest. Keeping 
the vines thrifty is also a decided help since the louse always prefers 
to feed on sickly and stunted hills. Eight pounds of whale oil soap to 
fifty gallons of water makes a good spray but usually the enemies of 
the louse will hold it in check.* 


Disnases. Downy Mildew is a fungous disease causing a yellowing 
and shriveling of the leaves, starting with the older growth and rapidly 
extending to the tip of the plant. It is occasionally very severe in hot, 
moist weather but is controlled by spraying with Bordeaux mixture con- 
taining 6 pounds of lime, 3 pounds of copper sulfate and 50 gallons of 
water. ; ; 

Anthracnose occurs principally on the leaves, where it produces cir- 
cular brown spots from 14 to 14 inch in diameter. These spots may tear 
out and leave ragged holes as the leaf matures. Spray as for -_Downy 
Mildew. 


*There is good reason to believe that the striped beetle and the louse are both concerned 
with the spreading of disease among cucumbers and related vines. The protection of the 
plants from these enemies seems therefore to be more imperative than was formerly supposed. 
It is therefore urged that all remnants of vines be destroyed as soon as possible after the 
crop is harvested, and that all rubbish in the vicinity of the patch be raked up and burned 
after cold weather sets in, with a view to killing some of the beetles at least, in their hiber- 
nating quarters. 

For the plant-lice, nicotine proves very efficient, and is often easier to obtain than the 
whale-oil soap. Use one part of the 40% nicotine sulphate with 800 times its bulk of soap 
suds. It will often pay to turn the yines over so as to spray the under sides of the leaves, 
replacing them afterward, 
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Cucumber Scab (Spot Rot) is also a fungous disease and appears on 
the fruit in velvety olive green patches, often accompanied by a gummy 
exudate. Diseased fruits decay rapidly after picking and are worthless. 
The disease is worst in hot, moist weather where the vines are crowded. 
Destroy all trash and practice rotation. Spraying is of doubtful benefit. 


Wilt is a sudden wilting of the vine without discoloration of the 
leaves due to a bacterium which enters and clogs the water vessels of 
the plant. Remove all diseased plants and keep down the striped beetle 
which spreads the disease. 

Cucumber Mosaic (White Pickle) causes a stunting of the vine ac- 
companied by a green and yellow mottling of the leaves. Pickles from 
diseased vines are warty and mottled green in color. It is spread by 
insects, especially plant lice, and probably by the pickers handling dis- 
eased and healthy plants. Remove all diseased vines at once and destroy 
the lice as fast as they appear. 

Cc. P. HALLIGAN, 
Acting Horticulturist. 


Notrre.—This publication is a revision of Circular 19, by Walter Postiff, 
with contributions from the departments of Horticulture, Botany, En- 
tomology, and T. V. Ellzey of the H. J. Heinz Company. 
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ANALYSES OF SOME MATERIALS SOLD AS INSECTICIDES 
AND FUNGICIDES. 


Special Bulletin No. 74. 


A. J. PATTEN AND D. C. KELLOGG. 


The inspection and analyses of spraying materials reported herein are — 
made under authority of an act of the Legislature of 1913 (Act 254, 
Public Acts of 1918). The full text of the law has been printed and 
copies may be obtained by addressing the Secretary of the State Board 
of Agriculture. Sections 1, 5,6, and 7, which contain the more salient 
points of the law are here printed in full: 

Secrion 1. It shall be unlawful for any person to manufacture, sell, 
offer or expose for sale within the State of Michigan any insecticide, 
Paris green, lead arsenate, or fungicide which is adulterated or mis- 
branded within the meaning of this act; and any person who shall 
violate any of the provisions of this act shall be guilty of a mis- 
demeanor and upon conviction thereof shall be fined not to exceed two 
hundred dollars for the first offense, and upon conviction for each sub- 
sequent offense shall be fined not to exceed three hundred dollars, or 
sentenced to imprisonment in the county jail for a period not exceeding 
ninety days, or both in the discretion of the court. 

Sec. 5. The term “insecticide” as used in this act shall include any 
substance or mixture of substances intended to be used for preventing, 
destroying, repelling or mitigating any insects which may infest vegeta- 
tion, man or animals, or households, or be present in any environment 
whatsoever. The term “Paris green” as used in this act shall include 
the product sold in commerce as Paris green and chemically known as 
the aceto-arsenite of copper. The term “Jead arsenate” as used in this 
act shall include the product or products sold in commerce as lead 
arsenate and consisting chemically of products derived from arsenic 
acid (H,AsO,) by replacing one or more hydrogen atoms by lead. The 
term “fungicide” as used in this act shall include any substance or mix- 
ture of substances intended to be used for preventing, destroying, re- 
pelling, or mitigating any and all fungi that may infest vegetation or 
be present in any environment whatsoever. 

Sec. 6. For the purpose of this act an article shall be deemed to be 
adulterated, in case of Paris green; 

First, If it does not contain at least fifty percentum of arsenious 
oxide; . 

Second, If it contains arsenic in water-soluble forms equivalent to 
more than three and one-half percentum of arsenious oxide; 

Third, If any substance has been mixed and packed with it so to re- 
duce or lower or injuriously affect its quality or strength. 
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In the case of lead arsenate: 

First, If it contains more than fifty percentum of water; 

_ Second, If it contains total arsenic equivalent to less than twelve 
and one-half percentum arsenic oxide (As,O,) ; 

Third, If it contains arsenic in water-soluble forms equivalent to 
more than seventy-five one hundredths percentum of arsenic oxide 
(As,0,) 5 

Fourth, If any substances have been mixed and packed with it so 
as to reduce, lower, or injuriously affect its quality or strength: Pro- 
vided, however, That extra water may be added to lead arsenate (as 
described in this paragraph) if the resulting mixture is labeled lead 
arsenate and water, the percentage of extra water being plainly and 
correctly stated on the label. 

In the case of insecticides or fungicides, other than Paris green and 
lead arsenate: 

First, If its strength or purity falls below the professed standard or 
quality under which it is sold; 

Second, If any substance has been substituted wholly or in part for 
the article; ' 

Third, If any valuable constituent of the article has been wholly or 
in part abstracted; 

Fourth, If it is intended for use on-vegetation and shall contain any 
substance or substances which, although preventing, destroying, repell- 
ing, or mitigating insects, shall be injurious to such vegetation when 
used as recommended by the manufacturer. 

Sec. 7. The term “misbranded” as used herein shall apply to all 
insecticides, Paris green, lead arsenates, or fungicides or articles which 
enter into the composition of insecticides or fungicides, the package 
or label of which shall bear any statement, design, or device regarding 
such article or the ingredients or substances contained therein which 
shall be false or misleading in any particular, and to all insecticides, 
Paris green, lead arsenates, or fungicides which are falsely branded as 
to the state, territory, or country in which they are manufactured. For 
the purpose of this act an article shall be deemed to be misbranded, in 
the case of insecticides, 

Paris greens, lead arsenates and fungicides: 

First, If it be an imitation or offered for sale under the name of an- 
other article; 

Second, If it is labeled or branded so as to deceive or mislead the 
purchaser, or if the contents of the packages as originally put up shall 
be removed in whole or in part and other contents shall have been 
placed in such packages; 

Third, If in package form, and the contents are stated in terms of 
weight and measure, they are not plainly and correctly stated on the 
outside of the package; in this connection it is held to be permissible 
to state the average net weight of the package. 

In the case of insecticides (other than Paris green and lead arsenates) 
and fungicides: 

First, If it contains arsenic in any of its combinations or in the 
elemental form and the total amount of arsenic present (expressed as 
percentum of metallic arsenic) is not stated on the label; 
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Second, If it contains arsenic in any of its combinations or in the 
elemental form and the amount of arsenic in water-soluble forms (ex- 
pressed as percentum of metallic arsenic) is not stated on the label; 

Third, If it does not state plainly upon the label the correct names 
and percentage amounts of each and every ingredient of the insecticide 
or fungicide having insecticidal or fungicidal properties and the total 
percentage of inert ingredients present. 


COLLECTION OF SAMPLES. 


Some of the samples analyzed were collected during the spring of 
1914 and the remainder were collected during the spring of 1915. 

No attempt has been made to secure samples of all insecticides and 
fungicides sold in the State as the funds allowed for this work are not 
sufficient to permit of a complete collection each year. In the future it 
is planned to center our attention on a different class of materials each 
year and especially upon new preparations. In this way it will be pos- 
sible to cover the entire field every two or three years. 

One hundred four samples of various materials have been examined 
and the analyses will be found in the following pages. 


LIME-SULFUR SOLUTIONS. 


The principal ingredient of lime-sulfur solution is calcium sulfide 
and it is possible for the compound to consist of one part of calcium to 
2, 3, 4 or 5 parts of sulfur depending upon various factors. The usual 
proportion of calcium to sulfur in commercial lime-sulfur solutions is 
1 to 4-5. 

This combination is usually referred to as calcium poly-sulfide and, 
according to an investigation conducted by Dr. Shafer of the Entomolog- 
ical division of the Michigan Experiment Station, the insecticidal 
and fungicidal properties of the solution are due to this compound. 
Other compounds (calcium thiosulfate, calcium sulfite and calcium sul- 
fate) are also formed in small quantities but, as they probably have 
little or no insecticidal or fungicidal value are not included in the table. 

Samples 4818, 4821, 4822, 4825, 4826, 4827, 4833, 4837, were collected 
in the spring of 1914, the remainder being 1915 stock. 

All of the samples analyzed were found to be above the standard guar- 
anteed by the manufacturers. 
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| ; 
Baumé. | Total Sulfur. = 
Pe | cS 
= Manufacturer. | | gh 
85 Found. | Guar- | Found. | Guat: as 
aA oma” | anteed. * | anteed.| 3m 
4 (6) 
: % % % 
4818 | A. B. Ansbacher, New York City........... 32.4 | 33 | 25.04 24 29.48 
4819 | Jas. A. Blanchard, St. Joseph, Mich......... BPE 0 ails lee | 24.94 20 29.54 
4820 | Jas. A. Blanchard, St. Joseph, Mich......... SOLS pte 22.47 20 27.56 
4822 | Carpenter-Udell Chem. Co., | 
Grand ADIOS WNICH ceric as03 vs ks oars oles OLEGU Gn se eee) ea ee 23 28.88 
4821 | Carpenter-Udell Chem. Co., | | 
Grand@Rapids: Wiehe, san cree hehe ccs eicid acc S25 eae rere 23.56 23 | 27.42 
4823 | Carpenter-Udell Chem. Co., 
Grand WapiGdse INUICHE me creles sletscste a chelers sss 6 32 OB lee tes 24.39 23 29.31 
4824 | Carpenter-Udell Chem. Co., | 
(GRANG ADIOS, WICH ite ete steucearene Stee ce e518 S200) | hte ae 24.62 23 29.48 
4825 | Dow Chem. Co., Midland, Mich.......:.... | 33.8 33 26751 | 25 31.63 
4826 | Dow Chem. Co., Midland, Mich. ........... 33.4 oo 25.98 25 31.34 
4827 | Dow Chem. Co., Midland, Mich............| 33.9 33 26.18 25 31.25 
4828 | Dow Chem. Co., Midland, Mich............ 33.7 33 Pha || ee DAR 30.79 
4829 | Dow Chem. Co., Midland, Mich............ 33.4 33 25.79 25 30.81 
4830 | Dow Chem. Co., Midland, Mich............ 33.3 33 25.30 25 29.84 
4831 | Grasselli Chem. Co., Cleveland, Ohio........ 33.0 33 25.64 25 30.88 
4832 | Sanocide Spray Co., Fennville, Mich........ 32.5 32 25.17 25 29 .63 
4833 Sherwin-Williams Co., Chicago, Ill.......... SOs): | ames aR DANO | teasers 29.14 
4834 | Sherwin-Williams Co., Chicago, Ill.......... SOR ea nate ee Daeg cto ave tere 27.33 
4835 | So. Haven Chem. Co., So. Haven, Mich..... SODA ee atone s 24.65 23 29.82 
4836 | So. Haven Chem. Co., So. Haven, Mich..... 33.0 32 25.16 | 24 30.23 
| 
4837 | Toledo Rex Spray Co., Toledo, O........... 32.7 31 25.33 24 29.43 
4838 | Toledo Rex Spray Co., Toledo, O........... 32.5 31 25.38 24 30.24 
4839 | Toledo Rex Spray Co., Toledo, O........... 32.7 31 25.20 24 29.45 
4840 | Van The Tool Man, Lansing, Mich......-.... SUZ OT aes tee 23.80 23 28.76 


SOLUBLE SULFUR COMPOUND. 


Three samples of Soluble Sulfur Compound manufactured by the 
Niagara Sprayer Co. were analyzed. In making this material a com- 
pound of sodium is used instead of lime. It is granular and readily 
soluble in water but deteriorates rapidly if exposed to the air. The 
package containing it should be tightly closed at all times. 


Total Sodium 
ae ° Manufacturer. Soluble Tastee | Poly- 
: : Sulfur. * | sulfide. 
4841 | Niagara Sprayer Co., Middleport, N. Y......... Sane ie 55.85 2.42 | 40.52 
4842 | Niagara Sprayer Co., Middleport, N. Y................. 59.35 0.44 45.16 
4843 | Niagara Sprayer Co., Middleport, N. Y................. 60), 403 ee: lant ae ee 


LEAD ARSENATE. 


The insecticide law fixes the standard for lead arsenate, making it 
compulsory for all samples to contain at least 12.50% arsenic oxide and 
not more than 0.75% arsenic oxide soluble in water nor more than 50% 
water. 

The results of analysis show that all the samples comply with the re- 
quirements demanded by law, with one exception, in which case, the 
water-soluble arsenic oxide is slightly above the legal limit. 


od4 
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Twenty-five samples were analyzed, eight of which, were in the form 
of dry powder and seventeen as paste. 
Samples 4853, 4858, 4844, 4850, 4861 and 4863 were collected during 


the spring of 1914 and the remainder during 1915. 


Laboratory 
Nnmber 


Manufacturer. 


Dry PowpER: 


Corona Chem. Co., Milwaukee, Wis 
Corona Chem. Co., Milwaukee, Wis 
Corona Chem. Co., Milwaukee, Wis............ 
Corona Chem. Co., Milwaukee, Wis 
Corona Chem. Co., Milwaukee, Wis 


Grasselli Chem. Co., Cleveland, O 
Niagara Sprayer Co., Middleport, N. Y 
Sherwin-Williams Co., Chicago, Ill.............. 


PASTE: 


Ansbacher; (New Work City 5. ccc sre soi 0 bre. 0s 
Ansbacher, New York City 
Ansbacher, New York City............... 
Jas. A. Blanchard, St. Joseph, Mich 


Jas. A. Blanchard, St. Joseph, Mich 
Carpenter-Udell Chem. Co., Gd. Rapids, Mich... 


A. B. 
A.B: 
A. B. 
A. B. 


Carpenter-Udell Chem. Co., Gd. Rapids, Mich.. .| 


DeVoe & Raynolds Co., New York City......... 


Dow Chem. Co., Midland, Mich 
Dow Chem. Co., Midland, Mich 
Grasselli Chem. Co., Cleveland, O 
Hemingway & Co., New York City 


Merrimac Chem. Co., Boston, Mass............ 


Sherwin-Williams Co., Chicago, Ill.............. 


Toledo Rex Spray Co., Toledo, O 
Van The Tool Man, Lansing, Mich............. 


Ansbacher, New York City............... | 


Water 

Total. Soluble. 

CA enn ee : 3 

3 | .B]/ 3123 

3 | 3q 3 oe 

& | o® & | o® 

% % % % 
31.56 | 30. | 0.14 | 0.75 
|32.18 | 30. | 0.23 | 0.75 
32.70 | 30. | 0.21 | 0.75 
34.29 | 30. | 0.1710: 95 
34.43 | 30. | 0.15 | 0.75 
20.60 \¢e tas 0.23 | 0.75 
SIAN et 0:26.) 44 
Cee eae 0.08: 1,2 n 
18.62 | 15.0 | 0.44 | 0.50 
16.96 | 15.0 | 0.43 | 0.50 
17.72 | 15.0 | 0.32 | 0.50 
17.43 | 15.0 | 0.43 | 0.50 
14.23 | 12.5 | 0.18 | 0.75 
17.42 | 12.5 | 0.23 | 0.75 
12.67 | 12.5 | 0.07 | 0.75 
17.66 | 12.5 | 0.37 | 0.75 
16.10 | 12.5 | 0.15 | 0.75 
15.43 | 15.0 | 0.24 | 0.75 
17.03 | 15.0 | 0.20 | 0.75 
15.02 le he 2: Osi een 
16.14 Keats | 00865]: 5 20s 
igraa te tA | 0286 ee 
LEAS A Soh: Oi eee 
15.76 |.14.5'| 0.37 | O:7a 
17000 bases PaaS re: 

| | 


Arsenic Oxide. 


PARIS GREEN. 


Lead Oxide. 


The prescribed standard for the composition of Paris green is not less 
than 50% arsenious oxide nor more than 3.50% water-soluble arsenious | 
oxide. 

Fifteen samples have been analyzed all of which were collected since 


January Ist, 1915. 


In every case the amount of arsenious oxide found 


was well above the amount guaranteed, though, in five samples, (4871, 
4873, 4875, 4877 and 4881) the amount of water-soluble arsenious oxide 
was more than the amount prescribed by law. 
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Arsenious oxide. 
baat Aenifactucer, Total. Soluble. oper 
22 : | 
Be Found. | Guar- | Found. | Guar- 
a4 | anteed. | anteed. 
A | | | 
3 | | 
% % Tees: oes % 
4869 | A. B. Ansbacher, New York City........... 57.10 | 50 21d. |e 3,504 20.55 
4870 | A. B. Ansbacher, New York City........... 56.51 50 1749) | 3750 29.72 
AR Ohi d ee Bally; INC Wi OLS Citys: civ cee e.a ols) sic’ oie 56.36 | 50 4.32 | 3.50 29.41 
4872 | Jas. A. Blanchard, St. Joseph, Mich......... 58.77 50 PING) We 335i) 28.52 
4873 | Jas. A. Blanchard, St. Joseph, Mich......... 57.13 50 4.58 3.50 29.07 
4874 | Carpenter-Udell Chem. Co., 
Grand) Rapids! Mich. saceae. nee ele ease 56.66 50 3.28 | 3.50 30.42 
4875 | Carpenter-Udell Chem. Co., 

: STATIS DIGS se IVEICHS a certs ars te iakers aitche ote aos) 56.81 50 4.37 3.50 28.82 
4876 | Corona Chem. Co., Milwaukee, Wis......... 56.68 | 50 259 3.50 29.47 
4877 | Detroit White Lead Works, Detroit, Mich...| 55.32 | 50 3.96 3.50 29.55 
4878 | Devoe and Raynolds, New York City....... 57 .04 56 2.91 3.00 30.12 
4879 | Morris Herrman & Co., New York City..... 56.54 | 55 1.80 | - 3.50 29.46 
4880 | Fred L. Lavenburg, New York City......... 57.16 50 3.10 | 3.50 30 12 
4881 | Fred L. Lavenburg, New York City......... 59.06 | 50 3D 3.50 30.16 
4882 | Sherwin-Williams Co., Chicago, Ill.......... 56.66 | 50 1 5OF | eSro0 30.40 
4883 | Sherwin-Williams Co., Chicago, Ill.......... 55.82 | 50 oe tO) |eeeae50 | 29.09 

| 


BORDEAUX MIXTURE. 


Nine samples of prepared Bordeaux mixture were collected and an- 
alyzed. Two of the samples were in the form of dry powder and seven 
were in paste form. Samples 4888, 4889, 4891 and 4892 were collected 
during the spring of 1914 and the others during 1915. 

One sample (4892) contained only a trace of copper and was com- 


posed almost entirely of lime. No other sample of this brand was found 
on the market. 


Pe Copper. 

Sa 

ae Manufacturer. Waters | 

on 

Guar- 
aA Found. | anteed. 
4 
% % % 

ASSAT Jas As Dlanchard. ste cOSep My VilChi. cre eae aielete ec aterne elesis chanel oie 74.11 4.86 *4 56 
4885 | Carpenter-Udell Chem. Co., Grand Rapids, Mich.............. 76.80 6.55 6.00 
AS86)\* Grasselli Chem: Co'; Cleveland iOix.. ..terscatasierevel e+ avalel amieieten= > 55.47 9.52 4.50 
4887 | Hammond’s Slug Shot Wks., Beacon, N. J................+.-- 58.79 6.14 5.50 
ARSg ls Sherwin-Williams Co.,.Chicago; tll se nee ns ete cies eee 53 .92 Che 6.50 
AQRG ieSherwin-Williams Co., Chicago) Ulliin.. i aerect tein leiteine cicieeeed 61.24 5.20 | 6.50 
4890) |p oherwilo Williams ©0.,./Chicago; U1 | Sac iee teers ate nie eel ep a eleker ears 52.02 8.23 6.50 
AROL-| Shermvin-Williams Co:, Chicago, Dilip... a~ access cele ce vinleteaielele) sia allicioreveisyeres 11.60 11.00 
489024 Tareet Brand Co;, Martinsburg, Wi. Vai. bac. oscars see cra cele a2 0.25 16.00 


*Calculated from 7% copper hydrate. 


TOBACCO PRODUCTS. 


Ten samples of tobacco products were collected and analyzed, all of 
which, contained nicotine in amounts equal to or exceeding that guar- 
anteed by the manufacturers. 
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Nicotine. 
Pg 
EE | Manufacturer. 
ke 
iS) ; Guar- 
i Found. anteed. 
we 
% oe 7 
| Jas. A. Blanchard, St. Joseph, Mich. ; i 
4893 “Powdered Tobacco” «yest. Sater ietavs ete aie stale binve SRenea Se a eae ee 0.38: surement 
| Carpenter-Udell Chem. Co., Grand Rapids, Mich. 
A8o4a| “Nicotine solution: (hue. irats siete eves slew stages eialoncte etree can eee Teo 10.30 10 
4895 Nicotine solution cio ores). ele ain ce wale bee er meit ohos eFene ene ne ee 9.97 10 
Detroit Nicotine Co., Detroit, Mich. 
4896 “To-Bak-ine” liquid’ 2... < bible ee 6 ire igen Oe ee eee 46.38 45 
4897 “'To-Bak-ine? quid in. ear ces tie os Gar oe prions Le en eee ee 45 .66 45 
Kentucky Tobacco Products Co., Louisville, Ky. 
4898 “Black: Leakey soc eS Sioa Baton enor shane ae oT cue ge cena eo 41.40 40 
A900K | ol, LINICOMNUIIC Sox ee aun lites eee sence ots oy Rane ete eSNG ys erm Meieeee te esa 41.44 | 40 
Parke Davis Co., Detroit, Mich. 
4901 SINIGObIME Fx sure ols iia g tera S wai cco A CS en ST Mera ee Re 12.78 10 
F. A. Thompson & Co., Detroit, Mich. 
4902 ‘Rose: Nicotine!” si trea-cataxctebcvabade eis comin eb diets oe Oe SOE. Pv OO OL Eee ee 11.85 10 
4903 “TROge Nicobine +5 ky. ernest actos ale roe Rae SR RE ee One 11.65 10 
MISCELLANEOUS MATERIALS. 
4904 Bordeaux Arsenate Paste. Manufactured by A. B. Ansbacher, New York City. 
|New Guar- 
Found. anteed. 
% % 
CHA Pane ere ESA ae ee ae Set tren eh MAGEE A renee Rec, teen eio oh Dc Oke he ROIS Oe oc SLA 7 eee 
Arsenic. (Mletiallic)y. sich ise vie begs wicuateueveval sara a ake ceive SE Lp SO ere te eae Mite ened 7.42 5.50 
Arsenic (Metattiey wa tersoluble) io .ccte sisters nace etait chalet cotiaere ie eames 0.05 0.50 
Mead Om eves: hak sites fevers Mase s tuc hele MAE RRA hue Poeneh css EACH eS eeUdaes cares SpRLare aetna meee 26.21) lise Nees 
Copper Oxide res Ae caer eomaensne ee eee a Nes coreua rate ee acids ae eect erent eet TG eae 3.89 3300 
4905 
ri Bug Death. Manufactured by Danforth Chem. Co., Leominster, Mass. 
Lead Oxide. Zine Oxide. 
= Guar- Guar- 
| Found. ntfeed Found. anteed. 
=. pete | ee 
% % I % 
Sample NUNAO0b hm: Poe ee ee ee 5°09 8.0 | 67.79°| - 4720 
Sample No. 4906...... SI cite Sine hls OIG RRA eR SAS Hil a0 60.00 47.0 
DAMIDIOIN Os, 490 Tis erercus ahertere gare hic tall boca aus les Hamre rete oie eestor 4.92 | 5.0 60.86 47.0 


4908 Cut Worm and Grub Destroyer. 
Mich. 


Found. 


% 
Arsenic: (Metallic) 5.0% ccc se ion vires ates saalePava rate av Grace eect na SUT erate oa cen TEST ST Nee ee 0.83 


*Calculated from 1.25% As» Oz. 


Manufactured by Carpenter-Udell Chem. Co., Grand Rapids, 


Guar- 
anteed. 


— 


% 
0.95 
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Sh atte } Manufactured by Morris Herrman & Co., New York City. 


Arsenic Arsenic 
(metallic) (sol. in water) 
Water. |———_——_-_—_ 

| Guar- | Guar- 
Found | anteed Found. Gere R pe anteed. 

% | % | % 
SAMIPLO MNO +O Orca era stat als etetclelersicietels cies ste oc s.c.e siete Keveje erento 31.05 28.8 ai. “05 05 | 28.8 
Sali pleeNG 34 Ol Omer nara Ac Pariiohe aeons cueacione «inne 67.07 | 11.55 | 11.4 aa 0.5 


4911 Kerosene Emulsion. Manufactured by Jas. A. Blanchard Co., St. Joseph, Mich. 


Guar- 
Found anteed 
| 9% % 
eS ER ROE. SERA ia es Cee he Seve 2 oe ea aes a ee eee | 80.00 38-43 
| 


4912 Slug Shot. Manufactured by Hammond Slug Shot Wks., Fishkill, N. Y. 


Guar- 
Found. | anteed. 
% 
SUN R prepa ce rete nace seo ieee sist chs ae ote neato eaetao onal eae auc odees louse Totarecsemelehedeus sesisrexerata wan cwete oa 6.00 
CPO TS OIG eee eee reat tee ce oketene eters. eh euettvntel ciceclcliel cusrovsher evel teretedonereues seayerenereiene PE DSA ltr ccaeher tere 
FATSEMIG TUT DULL G) eee Muerte ceases oe iars Seen) carey teen oda cio cancnonate Talc etal Gieveletewctovels: sloterereysistene ORTG™|5-teceee 


4913 Thrip Juice. Manufactured by Hammond Slug Shot Wks., Fishkill, N. Y. 


Feund. Guar 


ee % % 
INS TRe OUT ILC eee esos ere STS rere tes Tote feelin nos ola clione ce ne Or cule ot oka she wekirs ole] etilistatoratis svievler"ere ebay musfosor’s Piatt Ale 
Ef AS ee cage eee rsane rear renin cc ob oreriorertcel cost olavenae tetellel caotoeclaieus Tosefenel fini ekeKeiistesrersieter= 8.04 7.80 
FNGSITDPATIGASO MID oer aha loco erale tiahe ate ce mola Chet eleh cle ao Win tictotalet cove ielatatenetelsusvesela sural ele/elsreke 38 .05 37.70 


4914 London Purple. Manufactured by Hemingway’s London Purple Co., New York City. 


Found. 
AT SENICIORIGS 6:25 cree ee Oh oreo eel tier cL etch edote ee alt asclerveioree, Monskabe rater even ole da'e clio) oholfonsuets 4.84 
FAT SENIOUS! ORGS ae eae cece creer one trae ee oere oh ca c nloded ona ahah oder openelc Woot foiletan erat ete wor ete edetinl. =} <aehae 21.43 


4915 Insectonos. Manufactured by Wm. Branson; contains Pyrethrum as active ingredient, in- 
active ingredients, charcoal and essential oils. 


4916 Hellebore. Manufactured by Jas. A. Blanchard, St. Joseph, Mich. All tests indicate that 
sample is pure hellebore. 


ae | Simplex Manufactured by H. J. Smith Co., Utica, N. Y. 
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Arsenic 
Sulfur. (metallic) Lead Oxide. 
Found Guar- Guar- Guar- 


le Wo pe A Wo % % % 
Sample NOVAS 3 Ue. sents denice’. share went |} 16.30 20 Ale 2573 1|\- sete $390" | 5 npureuie 
Sample Woy 4Ol8 ic ...wiaieee ees We estan Pe | 25.84 20 


|: Sh aR Se 10.60 [ocean 


Fila ae Tone ee } Manufactured by Sherwin-Williams Co:, Chicago, III. 


| Sample No. 4919 | Sample No. 4920 


j 
Guar- Guar- 
| Found. | anteed. | Found. | anteed 
} 
% % 0 % 
WAERD ceeds conte st ee ere Sinks Ieee hr te Lie ee 1g eee eae tease 54.36 | oO ree 
ANSETIC (THELALIC) 2 «sett spy Spay cores: eco cen hee oat ld 18.56 | 17.00] 10.06 Ls 50 
Arsenic; soluble smetallicys, «. 25 ote cen rea et One 1.49 6.00 Orme 2.00 
NS OBE rel a Aa, o etnerc ore oT ie oy Sha hae ie Sa Oe ttre a eae ..| 13.46 14.00 LAS: | .30 
LTV | (6 Ce ee aie ania oer Ponda ariel rir totes ee sal oe 1 Sl ta OR reece or 3780) eet 


4921 Zenoleum Lice Killer. Manufactured by Zenner Disinfectant Co., Detroit, Mich. 
INICORINE Te ae Hi Satadern oearestre eae oe Seat ee eee 0.51 per cent. 


4958 Treevax. Manufactured by Treevax Chemical Co., Hicksville, O. 


Found. 
Bellu sns, Sele cee haters ack. 8 steaes ate ee op Ae a I Be Ce Se horses ote 62 per cent. 
SOLD Oe) 1) ra my Galen a aay ea eget eee sae a Te eis ie, at ie Duley 27 per cent. 


TOMO RUAS 57 onan Oly casas atte jan Saat Pia dee Sree ese a ee 11 per cent. 
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DURABILITY OF CONCRETE DRAIN TILE. 


Special Bulletin No. 75. 


BY O. B. WINTER AND H. H. MUSSELMAN. 


The extensive use of concrete in manufacturing drain tile is a some- 
what modern development, yet there are in existence today concrete 
tile drains which were laid twenty-five or more years ago and which, so 
far as the concrete tile itself is concerned, have given eminent satis- 
faction. Within recent years the manufacture of concrete tile has de- 
veloped into an industry of considerable magnitude. In fact the strides 
made during the past few years have been very rapid. But the tile 
produced by some manufacturers, varies greatly in quality, and the 
manufacturers as well as the users are ignorant as to the causes of both 
success and failure in making tile of good quality. This situation has 
led to a number of investigations, carefully conducted by research work- 
ers, in the effort to distinguish between good and poor tile and to dis- 
cover the causes of success as well as of failure in the production of tile 
of good quality. 

As numerous requests for information in regard to these points have 
come to the College Experiment Station, an investigation was undertaken 
to determine, if possible, the direct causes of disintegration of concrete 
tile in Michigan soils. The conclusions of this investigation are not 
final but the findings, so far reached, indicate that concrete tile can be 
depended upon when made according to certain processes which have 
been fairly well established as governing success. 

Whenever the disintegration of tile has been noted in our experiments 
it has been found to be due to one or more of the following causes: 

(1) the use of too lean a mixture, 

(2) the use of too dry a mixture, 

(53) improper hardening of the product after it is formed, 

(4) placing the tile in the ground before the concrete has sufficiently 
hardened to afford proper resistance to the solvent action of soil water 
upon the cement. The first three of these causes contribute to the pro- 
duction of a porous tile wall structure. 

Experiments conducted by the Bureau of Standards in an endeavor to 
determine the action of alkali and sea-water on cements indicate quite 
clearly that: 

“Portland cement mortar or concrete, if porous, can be disintegrated 
by the mechanical forces exerted by the crystallization of almost any 
salt in its pores if a sufficient amount of it is permitted to accumulate; 
and the rapid formation of crystals is brought about by drying; and, 
as larger crystals are formed by slow crystalization, there would be 
obtained the same results on a larger scale, but in greater time, if slow 
drying were had. Porous stone, brick and other structural materials are 
disintegrated in the «»me manner. Therefore in alkali regions where a 
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concentration of salts is possible a dense, nonporous surface is essential.” 

This conclusion is interesting even in its reference to the action of 
alkali, which, however, is not a problem to be contended with in Michi- 
gan soils. 

Owing to the fact that our investigations were not begun until late in 
the fall of 1914, we have not been able to place tile in drains and report 
as to its durability. In this respect, our findings, as already mentioned, 
cannot be regarded as conclusive, since, to determine durability under 
actual service conditions requires experiments extending over a period 
of several years. One marked characteristic of properly made concrete 
tile is its resistance to the action of frost or alternate freezing and 
thawing soil conditions. 

In our work we made experiments in manufacturing and hardening 
tile and then tested specimens which were porous by causing solutions 


Fig. 1.—Disintegrated tile takenjfrom a drain 18 months after being?laid. Subsequent investiga- 
= tions proved that they were poorly made and placed in the ditch without being properly 
hardened. Under such conditions disintegration is almost gure to follow. 


to percolate through the walls, thus endeavoring to determine what 
changes took place in the solutions and in the tile. However, relatively 
few of the tile used for test purposes were made in our laboratory. Most 
of them were samples sent in from different parts of the State, which 
were not up to the average in displaying an observance of recognized re- 
quirements of manufacture. These samples were accompanied by reports 
giving information concerning the processes of manufacture, such as 
mixtures, type of machine used and method of hardening; and a descrip- 
tion of conditions under which they were placed in the ditch. Some of 
them were apparently sound and in good condition but others gave evi- 
dence of having been poorly manufactured and, as a result, had under: 
gone considerable disintegration. 

Chemical tests and analyses of the tile were made but gave no clue 
as to the cause of the disintegration. Our experiments included placing 
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apparently sound tile so as to expose them to the action of the elements, 
to the action of water in a river bed—to determine what effect a large 
amount of water coming in contact with the surface would have—and 
to the action of sewage by placing them in the discharge waters at a 


sewer outlet. 
Tile used in these experiments were left exposed to the conditions 


e . 


Fig. 2—Apparatus used in determining the effect of various solutions on 
experimental concrete cups. 


described for about four months, at the conclusion of which time none 
showed any evidence of having been affected by the several conditions of 
exposure described. Porous tile were placed in soil, and water caused to 
percolate through their walls. Here again no disintegration was notice- 
able; but analyses of the water which had passed through the tile struc- 
ture showed that some of the cement had been dissolved. It should be 
mentioned here, however, that tile can be manufactured so that under the 
usual conditions in drains, water will not percolate through the wall 
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structure; in fact the process of manufacture should be such that the 
tile wall will be impervious in the usual service conditions. 

To show the effect of soil water upon the cement in concrete tile, 
considerable laboratory work was done in preparing experimental porous 
cups from pure quartz sand and cement, then causing different solutions 
to pass through their structure. These experiments were so conducted 
that a considerable quantity of the solutions used was passed through 
the cups; and in all cases, including experiments in which pure water 
was used, a portion of the cement was dissolved and the cups showed 
disintegration in a degree sufficient to loosen a small amount of sand 
on the inside surface of each. The water caused to pass through the 
cup structure formed small channels through the concrete, that gradually 
became larger as percolation continued. 

These experiments convince us that any solution percolating through 
concrete tile will dissolve some of the cement; in other words, some of 
the material which is necessary to maintain the tile structure intact, 
and points conclusively to the necessity for an impervious tile wall 
structure. Experiments also showed that solutions would percolate 
through incompletely hardened tile much more rapidly than through tile 
that had been properly and completely hardened; so the action of solu- 
tions upon partially hardened concrete tile is greater than upon those 
which have been properly hardened. 

In a tile which has been well made of properly proportioned materials, 
and, after formation properly hardened, the wall structure will be so 
nearly impervious that it seems probable the small pores which may 
exist will be filled very quickly with fine material from the soil in which 
such tile is laid, and thus afford added protection against the possi- 
bility of soil waters dissolving the cement. 

Our first experiment with concrete cups was directed toward making 
a cup that would be porous rather than impervious. The next experi- 
ments along similar lines were directed toward producing an experi- 
mental concrete cup of structure so dense that the concrete would resist 
the passage of solutions, even against a small amount of water pressure 
such as might exist, for instance, in a drain. Conclusions reached from 
these preliminary experiments, seem to point to the following as the 
most important factors for consideration in, manufacturing concrete tile 
to fulfill desired requirements. 


(1) A Portland cement, meeting the requirements of the standard 
specifications for Portland cement of the American Society for Testing 
Materials, as revised to date. 

(2) Clean and preferably siliceous sand, graded in size from the 
finer particles to those which will just pass a 14-inch mesh screen, for 
all tile ten inches and less in diameter. 

(3) Proper and accurate proportioning of the cement and sand. The 
method of measuring materials should be one which will insure separate 
and uniform proportions of each of the materials at all times. 

(4) Thorough mixing of materials, preferably by a power-operated 
batch mixer, and continuing for at least one minute after all materials, 
including water, are in the mixer. 

(5) Using a machine that accomplishes thorough packing of ma- 
terials at proper consistency. 
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(6) All other conditions of manufacture having been as outlined, 
hardening in a properly equipped and operated steam room will produce 
tile of the highest grade. When, however, hardening by water vapor is 
not possible, tile must be kept constantly wet on the surface by sprinkling 
with water for not less than seven days under favorable weather condi- 
tions, and longer during cold weather. 

Cement: If the cement to be used in tile manufacture meets the re- 
quirements of the American Society for Testing Materials, the user 
need concern himself little as regards this material, other than to make 
certain that if stored for a considerable time, it is protected from damp- 
ness. If not so protected, moisture will be absorbed and result in some 
of the material becoming hard. In this condition it is worthless for tile 
manufacture. 

Aggregate: Aggregate, consisting of sand, crushed stone or gravel 
screenings, preferably of siliceous nature, should be clean. well graded 
from fine to coarse and should pass, when dry, a screen having four square 
meshes per linear inch for all sizes up to ten inches; in sizes larger than 
ten inches it will be found practicable to use aggregate having a maxi- 
mum size of one-half an inch. For ordinary work the maximum sized 
particles should not exceed, in greatest dimension, one-half the thickness 
of the tile wall. Cleanness is an essential. No matter how well ma- 
terials may be mixed or graded, organic matter and clay coating on the 
particles will prevent the cement from adhering to and binding them 
together. In no case should sand or gravel containing more than three 
per cent, by weight, of clay, or other organic or soluble matter be used. 
Sharpness is not considered an essential quality. ; 

Proportioning: Numerous experiments have conclusively proved that 
a good concrete cannot be made from improperly or indefinitely pro- 
portioned materials nor from materials which are not uniformly graded 
from the smallest to the largest sizes permissible, so as to reduce voids 
to a minimum. Natural-mixed aggregates, that is, bank-run material, 
should not be used as coming from the deposit, but should be screened 
over a 14-inch mesh screen and remixed in definite proportions. In order 
to make tile as strong and dense as possible a maximum amount of the 
largest sized particles permissible should be used, then just a sufficient 
quantity of the smaller sizes to fill voids. 

Deficiency of fine materials in the aggregate causes difficulty in the 
manufacturing process, loss of tile when removing the casing, rough sur- 
faces, stone-pockets and pin-holes through which water spurts when in- 
ternal water-pressure tests are applied. Deficiency of fine material 
within rather wide limits does not decrease the strength of the finished 
product. 

Excess of fine material causes low strength in finished tile, and with 
ordinary mixture tends to produce tile which will show seepage under 
internal pressure tests. The tendency to use an excess of fine material is 
to be particularly guarded against, because, unless tile is tested, the 
manufacturer may be deceived as to the quality of the product which 
he is making, owing to the smooth and (to the uninitiated) workmanlike 
appearance of tile in which aggregate containing an excess of fine ma- 
terial has been used. 

Some idea of the correct relative proportion of the different sized 
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grains will be obtained by observing that the practice which has been 
recognized as best, specifies that not more than twenty per cent shall 
pass a sieve having fifty meshes per linear inch and not more than six 
per cent shall pass a sieve having one hundred meshes to the linear 
inch. 

When aggregate is graded as specified, the concrete mixture for tile 
should consist of not less than one sack of Portland cement to three 
cubic feet of sand meeting the requirements already stated. Methods of 
measuring the materials should be such as to insure separate and uni- 
form proportions of each ingredient at all times. 

The Bureau of Standards has recently published, in its Technologic 
Papers No. 44, the results of a year’s investigations on the durability of 
cement drain tile in alkali soils. In a summary of these investigations 
the Bureau states that the published results of the year’s labors are by 
no means to be taken as conclusive but that, so far, its observations have 
pointed to the necessity for employing only the best materials and good 
workmanship in manufacturing drain tile and preferably adhering to 
mixtures no leaner than one sack of cement to three cubic feet of sand. 
In the Bureau experiments it was disclosed that drain tile properly 
manufactured of such mixtures is “apparently unaffected structurally 
when exposed for one year in operating drains in very concentrated 
alkali soils.” This should point to an ultimate conclusion that the 
durability of concrete tile rests entirely upon the process of manufac- 
ture, which means an observance of requirements previously outlined. 


A good method of examining finished concrete to determine whether 
the proportioning has been properly done is the following: Take several 
small broken pieces of the finished product, smooth some of the broken 
surfaces on a grindstone and examine these finished surfaces with a 
small lens or reading-glass. Many voids or air-spaces indicate too little 
fine material or poor packing, while too little coarse material will be 
indicated by a great deal of mortar between the larger particles. The 
proportion of cement used in concrete tile is greater than for other kinds 
of concrete work. This excess of cement is used to insure filling all the 
void spaces and coating all the sand particles with cement, the particles 
of which are ground very fine. 

Mixing: Too much emphasis cannot be placed on the necessity for 
thoroughly mixing the materials. For this purpose a batch mixer is 
advisable because, if properly used, it may be expected to give the great- 
est uniformity of results, provided mixing be continued for at least 
one minute after all materials, including the water, are in the mixer. 
Fnough water should be used to produce a consistency that will allow 
immediate removal of the outer casing from the tile, yet wet enough 
so that when the outer casings are removed web-like markings, or water- 
marks, will appear on the outside tile surface, indicating. a sufficient 
amount of water. Interior surfaces of the tile should show trowel 
marks caused by moisture coming to the surface under the troweling 
action of the revolving packer head, or core, in case such is used. It 
is recommended that an automatic measuring device be used to measure 
the amount of water for each batch of concrete and, after the desired 
consistency. has-been determined, this amount should be used ‘in each 
batch until working conditions demand a change, 
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Forming: The tile should be formed in such a manner as to insure 
a dense and uniformly compact product with smooth ends and inner 
surfaces. They should also be uniformly packed from top to bottom to 
prevent planes of weakness in the tile. The thickness of the tile walls 
should be as nearly uniform as possible to give uniform strength and to 
insure possibility of being laid in the ditch without irregularities in the 
grade. 

Steam Hardening: No other step in the process of making concrete 
products is of greater importance than observing requirements neces- 
sarv to uniform hardening of the finished product. This process is 
often spoken of as “curing” and best methods of tile manufacture in- 
clude hardening in specially arranged steam chambers. In the prepara- 
tion of these chambers, two requirements must be observed, as neglect 
of these sometimes causes improper hardening. 

(1). .The steam hardening chamber must be so tight as to prevent 
circulation of air and the consequent existence of a heated atmosphere 
not thoroughly saturated with water vapor which would result in evapo- 
ration of water from the tile walls. 

(2) Steam should not be allowed to enter the hardening chamber 
under pressure in such a manner as to strike the green tile. The effect 
of this is to heat it quickly and cause the evaporation of water from 
the interior of the tile walls and destroy the product. Proper harden- 
ing is absolutely essential. 


Within sixty minutes after removing the outer casings from the tile, 
they should be placed in the steam room in a temperature not lower 
than 50 degrees Fahrenheit. Twelve hours later the temperature in the 
steam room should be raised to between 100 and 130 degrees Fahrenheit 
and an atmosphere saturated with water vapor maintained by intro- 
ducing steam from a steam boiler into the chamber. The steam should 
be introduced through a perforated pipe laid, with the perforations 
down, in a trough of water on the floor of the room. 

Two conditions of outside temperature should be considered in the 
hardening process: 


(a) When the outside temperature during the davtime does not 
fall below 50 degrees Fahrenheit the tile should be subjected to steam 
as described above for not fewer than 48 hours, after which they may 
be removed from the chamber and piled in the yard. They should 
then be sprinkled not fewer than three times daily for seven days. 
They may be shipped after having lain in the storage yard for fourteen 
days or more. 

(b) When the temperature of the outside atmosphere falls below 
90 degrees Fahrenheit during ihe daytime, tile should be subjected to 
Steam as deseribed for not less than 96 hours, after which they may be 
piled in the yard. They need not receive any further treatment but 
should remain in the storage yard for at least fourteen days. 

Water Hardening: When it is found impracticable to introduce 
water vapor into the chamber, the tile should be handled in the same 
manner as described for steam hardening, until they have become suffi- 
ciently hard so that the application of water does not injure them. The 
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title should then be kept constantly wet on the surface by sprinkling 
with water for not less than seven days, for case (a) and fourteen days 
for case (b), and the temperature be maintained not lower than 70 
degrees Fahrenheit in the hardening chamber. After removal from 
the chamber the tile should be treated as described above for steam 
hardening, except that the period of storage in the yard should be at 
least fourteen days. 

Steam and Water Hardening: In cases where it is desired to use a 
combination of steam and water in hardening the tile, they should be 
hardened in the chamber under conditions described above for steam 
hardening, until such time as they are sufficiently hard to permit piling 
one on top of the other. They may then be removed to a sprinkling 
chamber where they will be at all times protected from drafts of air. 
Here they must be kept constantly wet on the surface by sprinkling 
for a period of at least two days for case (a), and for at least seven 
days for case (b). The temperature in the sprinkling chamber should 
be maintained not lower than 70 degrees Fahrenheit for the periods 
mentioned. After removal from the sprinkling chamber, the tile should 
be treated as described for steam hardening, except that the period of 
storage in the yard should be at least twenty-one days. (In cold 
weather this method of hardening permits handling a large output with 
smaller facilities than does steam hardening alone, and is recommend- 
ed.) 


It may appear that an unwarranted amount of space has been given 
to a discussion of proper hardening methods, but this is a very import- 
ant stage in the manufacture, since neglect of this final precaution or 
slighting it in any way is quite likely to nullify the effects of care taken 
in other steps of the process of manufacture. 


Knowledge of what actually takes place in the hardening of cement 
is still somewhat limited. More complete knowledge of these processes 
will undoubtedly develop better methods in the manufacture of cement 
drain tile. However, with the knowledge now at hand, there seems to 
be no reason why sound tile which will withstand ordinary soil condi- 
tions cannot be made; and one would expect that such tile, if properly 
made and hardened before placing, should become better rather than 
poorer in the drain. But, unless the manufacturer has facilities for 
bringing into use all of the best possible materials and methods, he 
should not undertake tile manufacture, even for his individual use. 
The investment of labor and material required to place a drain is 
enough to warn one against the risk of using poor tile. The best are 
none too good. 


In all of the foregoing discussion the recommended practice to be 
followed in the manufacture of plain concrete pipe and drain tile by 
machine, as adopted by the American Concrete Institute, has been 
kept in mind. These recommendations may seem rigid but serve to 
show that in order to produce a satisfactory tile, considerable knowl- 
edge of the processes of manufacture is necessary and that careful ob- 
servance must be made of a number of important requirements. 
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DISCUSSION OF THE SAMPLES OF TILE RECEIVED. 


Several drainage systems, where failures with cement drain tile had 
been reported, were investigated and a number of samples from each 
drain were sent to the laboratory for further examination. Some sam- 
ples were also received direct from the manufacturers. In the discus- 
sion which follows, these samples are referred to by lot number only. 

Chemical tests and analyses showed that a portion of the essential 
constituents of the cement had been dissolved out of the badly dis- 
integrated tile. This made these tile very porous and _ brittle—the 
cementing materials being so weak that the small particles could be 
rubbed off with the fingers. Another interesting fact associated with 
the disintegrated tile was that the disintegration began on the outside, 


a 


Fig. 3—Exterior and interior views of a badly disintegrated tile showing that the disintegration 
proceeds from the outside. No signs of disintegration are seen on the inside. 


the interior remaining quite sound until the exterior had practically 
gone to pieces. In some cases the upper half of the tile showed dis- 
integration while the lower half was sound, and in other cases the lower 
half showed disintegration while the upper half was sound—depending 
entirely on whether water percolated through from above or from be- 
low. The interior of the tile through which the water flowed showed 
very little, if any, disintegration. 

An examination of a sound, unused tile from lot one showed that 
there was considerably more variation in the aggregate (graded sand) 
than is usual in good concrete tile, and that the matrix (very fine 
sand and cement which bind the larger particles together) was very 
porous. The report giving a brief history of the tile, and the drains 
from which they were taken, showed that they were “factory made, 
hauled from the factory as soon as they could be handled, and laid with- 
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out further curing.” ‘They were laid in the spring of 1912 and were 
removed from the ground in December, 1913. 

Some tile left on the surface of the ground near the drain and some 
of the tile in the drain were in good condition. Others in the drain 
were slightly disintegrated, and still others almost entirely destroyed. 

Other points of interest in this report were that all of the tile laid 
in clay soil were apparently sound and that of two adjoining tile laid 
in muck soil, occasionally one was found in good condition and the 
other badly disintegrated. 

From all appearances, the materials used in the manufacture of 
these tile were of a good grade, but the lack of uniformity of these 
materials, the porous condition of the matrix, and the fact that ocea- 
sionally two adjoining tile were found, one of which was sound and 


Fig. 4.—End views of sound and partially disintegrated tile, showing that disintegration is usually 
more pronounced at the top or bottom depending on whether the soil water percolates from 
above or below. 


the other badly disintegrated, show poor mixing and packing of the 
concrete. It is also evident that these tile were not sufficiently hard- 
ened before laid, and experiments show that this condition may be 
favorable to rapid disintegration. 

Samples of tile from lots two and four were so badly disintegrated 
that no statement can be made as to the cause of disintegration. 

Samples from lot three contained a small percentage of particles 
too large to use in the preparation of concrete tile 44-inch thick. They 
also contained some organic matter and clay, and probably the worst 
feature of all was that the material was not properly mixed and packed 
(there were some spots in the tile wall nearly an inch long where the 
particles were not in close contact and therefore not cemented together). 
The matrix of fine sand and cement was very porous and not in close 
contact with the larger particles. Such tile are weak and easily af- 
fected by soil water. 
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The tile comprising lot five, some of which were made from washed 
and some from unwashed aggregate, showed considerable difference 
in density, the finer material being removed in the one case by the 
washing. None of these had been in place in the ground, but from 
appearances one would conclude that they were well made and that 
both would be reasonably durable; although it is evident that the walls 
of the unwashed sample would be less susceptible to the passage of 
soil solutions—undoubtedly an advantage in drain tile. 

Lot six represents a small piece of tile taken from the yard of a 
tile manufacturer in one of the larger cities of the State. This sample, 
though small, was typical of the tile in the yard at that time and was 
found to be exceptionally porous, the cementing properties being so 
weak that particles could easily be rubbed off. It does not seem possi- 
ble that such tile could remain sound when placed in the ground. 

Two indications of good quality in tile are high supporting strength 
and low percentage of absorption. Tile which shows a small percent- 
age of absorption is to be preferred in every respect to that which shows 
high absorption. In making examinations to determine the absorption 
it is necessary to dry tile at a temperature of 212 degrees Fahrenheit 
until they show no further loss in weight. Tile will absorb their full 
capacity of water within twenty-four hours after immersion. Tests have 
shown that high strength and low absorption go hand in hand. 
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BEE-KEEPING BECOMING SPECIALIZED. 


Special Bulletin No. 76. 


The methods of bee-keeping employed twenty years ago were very un- 
like those of the present day. Only a few years ago bees were kept for 
the little honey they produced for family use. The swarm was hived in 
a box or barrel and was left to work out its own salvation. Disease, 
when present, was seldom recognized, and when a colony died from dis- 
ease the loss was attributed to some other cause if, indeed, the cause was 
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considered at all. Severe winters killed all but the strongest of those 
colonies, which’ were unprotected, and so the bee-keeper would ‘“in- 
crease” to a considerable number of colonies, expecting to lose the great- 
er part of them throrgh neglect. 

In recent years a new kind of bee-keeper, the specialist, has come to 
the front and we find the haphazard bee-keeper gradually cisappearing, 
his place being taken by the one who is trying to manage his apiary 
by modern methods. Bee-keeping is now recognized as one of the special 
branches of agriculture and those who engage in it find that when one 
has the necessary experience, the returns compare favorably with those 
from most other branches of agriculture. 


Fig. 2—A Box-hive apiary (original). 


BOX-HIVES. 


Despite the progress in bee-keeping there are still many colonies in 
Michigan kept in box-hives of some kind. By the term box-hive we mean 
a hive that cannot be examined readily by the removal of the frames 
containing the combs. 


Box-hives should give way to the movable-frame type of hive for 
many reasons, among which may be mentioned the following: 

Tt: is impossible to control foulbrood in box-hives. 

Bees in box-hives cannot be managed so that the bee-keeper is master. 


The returns, or profits, from a colony in a box-hive are seldom as 
large as those from a colony in a movable-frame hive. 
The Se of bees in box-hives usually means a neglectful bee-keeper. 
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TRANSFERRING BEES. 


There are many ways by which bees can be transferred from any kind 
of box-hive into one of the movable-frame type. The bee-keeper should 
carefully read the following directions and then proceed with the method 
that best suits his particular case. 


THE HEDDON METHOD. 


The plan employed by the late James Heddon, a Michigan bee-keeper, 
is easily followed by the most inexperienced of bee-keepers. When em- 


Fig. 3—Drumming the Bees into Empty Box. Box-hive is tilted and cover removed (original) 


ploying the Heddon method the movable-frame hive is made ready with 
frames of foundation just as one prepares a hive for a swarm. The oper- 
ator provides himself with a smoker, hive-tool, veil, empty box and a 
hammer or other tool with which to drum on the box-hive. When ready 
to transfer, the box-hive should be removed to a place a few feet from 
its old stand and the newly prepared hive put in its place, ready to re- 
ceive all the bees that return to the old stand while the transfer is be- 
ing made. 

When everything is ready pull off a part of the top or cover, and 
turn the box-hive upside down, tilting it so that the back is a few inches 
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higher than the front. This operation makes it possible to smoke the 
bees from beneath. Next place an empty box on‘top and be sure that 
the box comes even with the back of the box-hive so that the bees have 
a continuous wall to climb. Smoke the bees from below and drum on 
the sides of the hive, near the bottom at first. After drumming a few 
minutes and using the smoker occasionally, a cluster of bees will be 
found in the box when it is taken off the box-hive. The bee-keeper should 
search carefully among the bees in this cluster to see if the queen is 
present; if she cannot be found in the cluster, shake the bees out in 


Fig. 4.—A few minutes later a large cluster of bees will be found in the box (original). 


front of the new hive on a light cloth or paper and as the bees enter 
the hive, watch to see if the queen is among them. 

To succeed with the Heddon method the queen must be drummed out 
from the box-hive and introduced into the movable-frame hive. If the 
bee-keeper is not quite sure that he will be able to recognize the queen, 
he should place a drone-trap at the entrance of the new hive; in this way 
he will be certain to find the queen if she is present. 

When the queen and about two-thirds of the bees have been drummed 
out, turn the box-hive right side up, replace the cover and set it on its 
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bottom-board directly behind the new hive, with the entrance at right 
angles to the entrance of the new hive. 

After twenty-one days the worker brood in the old hive will have 
hatched and the remaining bees can then be drummed out, by the same 
method as that formerly used. These bees should be united with those 
in the movable-frame hive. When uniting the two lots, smoke the bees 
in the new hive a little and they will unite with the new-comers with- 
out trouble. There probably will be a young queen among the last 
group of bees in the box-hive, and if the bee-keeper has any queenless 
colonies this young queen can be introduced where needed; otherwise 
take no notice of her and she will probably succeed her mother in the 
new hive, providing a young queen as head of the colony. After the bees 
have all been drummed out, remove the combs, extract the honey, ren- 
der combs into bees-wax and use the box-hive for kindling. 


Fig. 5—Guernsey Method. Bees transferring themselves. Queen above Excluder (original). 


THE GUERNSEY METHOD. 


Mr. A. H. Guernsey of Ionia, Michigan, uses the following method 
for transferring bees from the box to the movable-frame hive. 

At a time when the box-hive is crowded with bees, usually in May or 
early June, the transfer is commenced. The bee-keeper provides a hive- 
body containing one frame of unsealed brood placed midway between 
a sufficient number of frames of drawn comb or full sheets of founda- 
tion to fill the hive-body. The box-hive is then opened and the new hive- 
body, with brood and combs, or foundation, placed on top. In a few 
days, usually, the queen will be found laying in the upper, or new, hive- 
body; but if foundation only is used it may be a week or two before the 
queen comes up. As soon as the bee-keeper is sure the queen is in the 
upper hive-body a queen-excluder is placed between the box-hive and the 
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new hive and left there for twenty-one days. When examining for the 
queen it is a good plan to slip the excluder between the two hive-bodies 
before disturbing the bees very much as the queen is liable to run be- 
low. If, on examination, it is found that the queen has not commenced 
working in the new hive, the excluder must, of course, be removed and 
replaced after the queen ascends. . Supers may be added to the new hive 
as required and work proceeds normally. The success of this plan de- 
pends on getting the queen to ascend and commence working in the new 
hive and, after that is accomplished, in preventing her return to the box- 
hive. After the queen has been established in the upper new hive and 
when the queen-excluder is in position close up all outside entrances to 
the old box-hive and provide entrance to the new hive by inserting 
wedges between the two hive-bodies. A sloping alighting-board, extend- 


Fig. 6. Month later, bees removed from box-hive and the entrance closed (original). 


ing from the new entrance to the ground, will aid the bees in making a 
speedy entrance. Twenty-one days after the queen-excluder is placed be- 
tween the hives, with the queen above, all the worker-bees will have 
emerged from their cells in the box-hive. 

Prepare an escape-board by tacking a strip of wood just over the 
edge of the circular hole in the bee-escape. This strip is to aid the bees 
in climbing up to the Porter bee-escape. Place the board with bee-es- 
cape upside down between the hives in place of the queen-excluder. Two 
days after the escape has been placed between the hive bodies all the 
bees will have gone above and the old box can be broken up and the 
combs rendered into wax. 

The Guernsey method is one of the best if the colonies are strong and 
no disease exists. Weak or diseased colonies should be treated by other 
methods. 
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THB WATER METHOD. 


Sometimes a bee-keeper may buy a few colonies of bees in box-hives 
late in summer and may not wish to keep them through the winter in 
the old boxes. If one has combs of sealed honey, surplus from other 
colonies, it is a simple matter to transfer the bees from their box-hives 


Vig. 7—A box-hive with honey stored in cover,—Messy and unprofitable (original). 


to hives -ontaining the frames of honey and to winter them in the new 
hives 

Eariy in October, as soon as brood-rearing has ceased and when the 
weather is warm enough for bees to fly, prepare a hive-body with frames 
of honey. Have. ready some receptacle for water, wash tub, boiler or 
anything that is large enough and deep enough to allow the box-hive 


iFig. 8—Dovetailed hive-body, after Root. 
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to be entirely submerged in the water. Then remove the top and bot- 
tom of the box-hive, using a little smoke, and place the newly prepared 
hive-body on the box-hive, making sure that bees cannot escape between 
the two bodies. While the two hive-bodies are held in contact slowly 
lower the box-hive into the water until the water reaches its top. The 
bees will ascend into the newly-prepared hive after which this can be 
removed and placed on its bottom-board on the old stand. The box- 


<A 
Fig. 9.—Wrong way to transfer. Bees ascend more readily than they descend. Box-hive 
should be below movable frame-hive (original). 


hive can be broken up, the honey removed and the combs rendered into 
wax. In case disease is present this amounts to the treatment of the 
colony for disease. 


THE DIRECT METHOD. 


There are one or two variations practiced in the direct method of 
transferring but in any case the result is the same, in that all the trans- 
ferring is completed in the one operation and the box-hive is done away 
with. 
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If the bee-keeper is sure that there is no disease present the follow- 
ing method is used: A new hive is prepared with empty frames. There 
are needed also an empty box into which to drum the bees, a smoker, 
veil, hive-tool, butcher-knife, large bowl, a board, some fine string and a 
pail of clean water. Remove the box-hive a few feet from its stand and 
place the newly-prepared hive where the box-hive stood. This is done to 
catch the returning bees. Tear off part of the cover from the box-hive 
and turn it upside down, tilted as in the case of the Heddon Method. Now 
drum the bees up into the box by continued drumming on the sides and 
occasional puffing in of smoke at the bottom of the box-hive. After a 
few minutes shake the cluster of bees from the box, in front of the en- 
trance of the new hive, and continue the drumming until nearly all of 
the bees are out of the box-hive, uniting these bees with those already 
in the new hive. When all the bees that can be drummed out are re- 
moved frem the box-hive, tear the side open, after first cutting the comb 
away so that it will not be broken when the side of the hive is torn off. 
With the aid of the board, which should be a little larger than the frame, 
we are ready to transfer all the good worker combs from the box-hive 
to the frames. Lay two or three pieces of string under a frame which 
should be placed on the board, take a piece of the comb from the box- 
hive and lay it over the frame and with a sharp knife trim the comb 
until it can be fitted tightly into the frame, secure the combs firmly in 
place by wrapping the string around them in two or three places and 
put these frames with the comb into the new hive. The bees will fasten 
the comb to the frames with wax. In selecting the comb to be trans- 
ferred take first the worker comb with brood, next the straightest of the 
empty worker comb and then, if necessary, one or two frames of comb 
filled with honey. Do not use any drone comb. Fill up the hive with 
frames of drawn comb or foundation if more frames are needed. 

The bowl will receive all pieces of broken comb and the honey in this 
can be used indoors. Use plenty of clean water and you will not find 
this method a very sticky one but never attempt it unless you have 
plenty of water and all the necessary appliances ready. 

Some bee-keepers tear the hive to pieces and transfer the combs with- 
out drumming the bees out at all. In doing this they destroy a great 
many bees and the operator cannot work nearly as rapidly when there 
are so many bees crawling around. It is better to drum all the bees out 
first. 

The direct method has an advantage over the Heddon and Guernsey 
methods in completing the whole of the transferring at once and in 
saving the best of the old combs. If the combs in the box-hive are not 
too old this is quite a saving to the colony as it is not necessary to build 
so much new comb. The old box-hive should be removed and destroyed 
on completing the transfer. 


TRANSFERRING FROM BARRELS, HOLLOW LOGS, ETC. 


When the bees are housed in a barrel, a section of hollow log or 
other make-shift for a hive, which, on account of its form, may not lend 
itself easily to one of the methods just explained, thé following plan 
is recommended: 
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Remove part of the head or top of the barrel and turn it upside down, 
saw the barrel off close to the combs and tilt as in the case of the box- 
hives. Elevate the new hive so that the bottom-board is even with the 
upper edge of the barrel. Blow smoke in at the bottom of the inverted 
barrel and drum on the sides, blowing in occasional puffs of smoke, un- 
til all the bees have run up into the new hive. See that the ends, or 
edges, of the combs in the barrel face the entrance of the hive and are 
not turned broadside. The bees between the combs will not linger so 
long if the smoke gets between the combs quickly and the bee-keeper 
standing opposite the entrance can watch the progress more easily. 

After the bees have been drummed out and the new hive set on the 
stand where the barrel formerly stood, the best combs in the barrel can 
be used in frames, as in the case of the direct method, providing the 
bee-keeper is certain no disease exists. If the combs in the barrel are 
not more than a year old greater care has to be taken, because newly- 
built combs crush very easily in warm weather, especially if heavy with 
honey. In drumming bees from boxes or barrels in which there are 
recently built combs it might be well to separate each comb from its 
neighbor with one or two wads of paper, so that they will not fall to- 
gether. This also insures room for the bees to pass up easily. 


TRANSFERRING FROM BUILDINGS, BEE-TREES, ETC. 


Sometimes a colony of bees will hive itself in a hole in a building or 
in the cavity of a tree which for some reason cannot be laid open. 
Whenever a swarm occupies a place where none of the preceding 
methods can be used we must proceed in a different manner. The combs 
and a few of the bees must be sacrificed but the honey and almost all of 
the bees can be saved by using the following method: 

At the commencement of the main honey-flow build a platform large 
enough to hold a hive of bees and strong enough to hold a heavy sur- 
plus of honey, if honey should be found. Make a nucleus, a two-to-four- 
frame colony, with queen. In making the nucleus the bee-keeper will 
have good success if he proceeds as follows: Take from two to four 
frames of sealed hatching brood without bees and introduce a queen; 
screen the entrance of the hive and place the nucleus in a dark, cool 
place for two or three days. This allows a great many young bees to 
hatch and these young bees are not inclined to fight strange bees nor 
will they leave their new location when placed on the new stand. When 
the nucleus is ready to be placed on the platform fill the empty space 
in the hive with frames of foundation. While the bees are in the cellar 
set up the platform so that the entrance of the nucleus hive will be very 
near the flight-hole of the bees in the cavity from which they are to be 
removed. Cover the flight-hole with a board having a hole in the cen- 
ter large enough to insert a double Porter bee-escape. Place this board 
so that the bees can leave and enter the cavity only through the small 
central hole and leave the hole open for a day or two before fastening 
in the bee-escape so that the bees will become used to the changed con- 
dition. Search out all other flight-holes and close them. To be success- 
ful with this method all other exits must be closed. After a day or 

47 
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two place the double Porter-escape in the hole, so that the bees can 
leave the cavity but cannot return to it. In a short time these bees will 
unite with those in the nucleus and become astrong colony. Leave the 
bee-escape in the hole for about a month or six weeks and until there 
is a break in the natural honey-flow. Then remoye the escape and suffo- 
cate the few remaining bees in the cavity. This can be done by using 
flour of sulphur in the smoker or by pouring in some carbon disulphide. 
If the disulphide is used it must be kept away from all lights and fire. 
It is harmless if the yaporized liquid is not breathed, nor ignited by 
strong heat, but an explosion is very likely to take place if precautions 
are not observed. After suffocating the bees leave the escape in the hole 
until all fumes have escaped, then remove the escape from the hole and 
in a short time the bees in the hive will find the honey and completely 
rob out the old combs. When the bee-keeper allows the bees to take the 
honey out he should be sure he has enough supers on the hive for all 
the honey there is in the cavity. If the cavity is large and a strong col- 
ony has had possession of it for a few years there may be a large quan- 
tity. After the bees have ceased entering the cavity the board should 
be removed and the entrance closed with cement or other material so 
that bees will not find lodging there in the future. The hive may be left 
on the platform until fall or it may be removed to the apiary. Move it 
when the bees are not flying and when there is no honey-flow, or many 
of the bees may return to their old stand. 

In districts where foul brood is prevalent the bee-keepers should ce- 
ment all holes in buildings or trees where bees are likely to hive them- 
selves. He should also remove the bees already occupying such places. 


TRANSFERRING DISEASED COLONIES. 


Whenever the bee-keeper has bees suffering from foul brood in box- 
hives he must modify his method of transferring. There is only one 
way in which he can proceed with any degree of success. All the bees 
must be drummed out as by the direct method. A new hive with frames 
having full sheets of foundation should be prepared and placed on the 
stand formerly occupied by the box-hive and the drummed bees should 
be shaken in front upon newspapers weighted down at the corners. 
Great care should be taken that none of the honey from the box-hive 
is spilled on the ground or more infection may follow. Remove the box- 
hive and burn; this removes any possibility of the bees gaining access 
to the germ-laden honey. After all the bees have entered the new hive 
remove and burn the paper. 


WHEN TO TRANSFER. 


Naturally, the bee-keeper will inquire when is the best time to trans- 
fer bees. The experienced bee-keeper knows that with proper precautions 
he can transfer almost at will. The bee-keeper with less experience, 
however, would probably get into trouble unless he transferred his bees 
at a seasonable time. The best time is at the beginning of a good 
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honey-flow. At this time the bees can be handled more easily and the 
probability of robbing is reduced to a minimum. 

If the honey-flow should suddenly cease after a transfer has been 
made it would be well to feed for a few days until the honey-flow be- 
gins again. In ordinary seasons the bees should secure enough stores 
to carry them over any break in the flow. 

The bee-keeper is advised to read each method carefully before de- 
ciding on which to follow and then, when he is sure of the directions, to 
make all preparations before beginning operations. He will then find 
that transferring bees is a simple and a profitable undertaking. 


279 STATE BOARD OF AGRICULTURE. 


THE SEPTORIA* LEAF SPOT DISEASE OF CELERY OR CELERY 
BLIGHT. 


Special Bulletin No. 77. 


BY G. H. COONS AND EZRA LEVIN. 


HOW TO TELL THE DISEASE. 


Septoria leaf spot or “Blight” shows first as brown, dead spots on the 
leaves. These spots are soon specked with dots which, though small, 
are easily seen with the naked eye. (See frontispiece.) With light at- 
tack there may be only a few spots on the leaves, and the celery bunches 
are only slightly disfigured. In a weak market, buyers cut the price 
5 to 10 cents per crate for this condition of the tops. However, with 
severe attack, the leaves wither and die, and the stems merely shrivel 
and fall down. The disease begins on the older, outer leaves, passes to 
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Fig. 2. The diseased leaves in early and late stages. 


*Called Septoria leaf spot because the disease is caused by a fungus, Septoria apii. 
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the inner and heart leaves, until no salable part is free from the trou- 
ble. The rotting celery has a characteristic odor. Severe attack means 
worthless celery, since the bunches will not keep in market or storage. 


THE CAUSE OF CELERY LEAF SPOT. 


Celery leaves show such spots and the stems rot because of the attack 
of a parasitic fungus. A parasitic fungus, or mold, isa small plant that 
steals its living from another plant. These parasitic fungi consist of 
threads so small that a miscroscope is necessary for one to see them. 
The threads of this fungus twine between the leaf cells and feed upon 
the cell substances. Just as the larger plants are spread by seeds, these 
microscopic plants are spread by small bodies which do the same work 
as seeds. These bodies are called spores. The spores of the celery leaf 
spot fungus are needle-shaped and are only about 1-250 of an inch long. 
They cannot be seen with the naked eye. These spores are produced in 
immense numbers inside the black bodies found on the diseased spots on 
the leaves. 


Vig. 3. Section through diseased spot, showing fereus threads penetrating leaf tissue and spore case 
with exuding spores; enlarged view of spores at right. (Diagrammatic.) 


The spores are sticky and when the diseased leaf is wet they ooze out 
of the black spore case. These spores float about the leaf in the dew. 
The chief spreading comes from the washing and splashing by rain. 
When the leaves are dry the spores dry down. Therefore, the fungus 
spreads only when the leaves are wet. 

When a spore (compare with a seed) is washed to a leaf and the leaf 
stays wet long enough (several hours) the spore sprouts by sending out 
several tubes. These sprouts grow into the celery leaf and continue to 
grow inside by sending threads through the tissue. After about nine 
days (varying with the temperature) a well-marked spot may be seen 
on the leaf. In about 15 to 20 days the spots show many black spore 
cases and a second crop of spores is produced. In this way one spore 
produces, in less than three weeks, millions of others, each of which is 
capable of producing millions more. It is little wonder that fields can 
be completely blighted. 
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WHERE THE FUNGUS COMES FROM FACH YEAR. 


The fungus lives over winter on the trash from diseased plants. Nearly 
all samples of celery seed carry the fungus. The old seed hull is carried 
above the ground by the growing leaves, and spores from diseased seeds 
wash to the young leaflets. In this way some plants in the seed bed 
may haye diseased spots and carry the fungus to the field. A few heart 
leaves may be infected by splashings of rain from the trash of last year’s 
crop. 


Vig. 4. Celery seed showing fruiting bodies of the fungus; seed at left, healthy. 
HOW TIE DISEASE SPREADS IN THE FIELD. 


The spores from these diseased plants are splashed by rain down to 
the heart leaves and to neighboring plants and thus a “nest” of the dis- 
ease arises. Cultivation when the plants are wet will spread the dis- 
case along the row. The spores are not killed by several days drying, so 
that when spread they may remain alive until the leaves are wet again. 
A heavy dew that is slow drying, may keep the plants wet long enough 
to allow the spores to sprout and get into the celery leaves. Fields that 
are sheltered from the wind, or poorly drained, or with rows extremely 
close, invariably suffer most from this disease. Any condition that keeps 
the plants from drying quickly or causes the soil to stay wet long favors 
the leaf spot. 


SEPTORIA LEAF SPOT AND THE WEATHER. 


Many growers believe that the weather causes this disease. If this 
were true we could not hope to do anything to fight the disease, since we 
cannot control the weather. The fact is, that without the fungus, no 
matter what the weather, we would not have this disease. The proof 
of this is simple. If we put two healthy celery plants under wet condi- 
tions and on one put some spores of this fungus, while the other is mere- 
ly kept wet, only the olant with the spores becomes diseased. If wet 
conditions caused the disease, both should become sick. Wet weather 
makes this disease severe by allowing the spores to be spread over the 
field and by giving the right conditions for the spores to sprout and bore 
into the plant. Weather does not cause this kind of a plant disease. 
Growers must learn to get a crop in spite of the weather. 


HOW TO FIGHT CELERY BLIGHT. 


Disinfect the seed before planting. Soak the seed 14 hour or longer in 
warm, but not hot, water, Then soak Vy hour in corrasive sublimate 1 


EXPERIMENT STATION BULLETINS. 


oo 
“J 
or 


part to 1000 of water. This solution, already prepared, can be obtained 
from the druggist at about 10 cents a pint. It can be made by dissoly- 
ing 4 small (or one large) corrosive sublimate antiseptic tablets in a 
pint of water. Corrosive sublimate is deadly poison. It must not be 
used in metal dishes. Keep the solution or the tablets out of the reach 
of children. Corrosive sublimate may cut down germination slightly. 

Spores are usually dead on seed two 
or three years old. The use of old 
seed of good germinating power is to 
be advised. 

Trrigate the seed beds by gently 
flooding or place tile for the sub-irriga- 
tion. Do not water heavily. 

If land enough is available, rotate 
crops. This method is best for the 
land, keeps down weeds, and is the 
cheapest and best way to fight all cel- 
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Fig. 5. Diagram of greenhouse showing at 


left 2-inch tiles placed for sub-irriga- ery diseases. Put new, clean soil in 
tion, and at right two small ditch- : : Fs! 
es through which water can the greenhouse don’t use old celery 


be Bbeded: soil*. Rotate the seed bed, but do not 
put it where celery stood the year before. Do not mulch the seed bed 
with old celery tops. Leaye no celery trash about in the seed beds. 
Cultivate the dirt away from young celery plants so as to erpose the 
crown. This allows the leaves to spread and helps to keep the heart 
leaves clean. 
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Fig. 6. Right way to cultivate: Dirt thrown Fig. 7. Wrong way to cultivate: Dirt 
away from plant, crown exposed. The banked up on young plant. The drip 
drip from the leaves does not fall from the leaves falls on the 

into the heart. young heart leaves. 


Do not work plants awhile the dew is on or directly after a rain. To 
do this carries the fungus along the row on the cultivator or on the 
’ worker’s clothes. 

Drain the land well. Weep the ditches clean. Do not locate celery 
fields in hollows or in places surrounded by trees or buildings. Do not 
pile boards so as to shelter the rows from the wind. Ventilation is essen- 
tial for quick drying. ; 

*Old greenhouse soil can be made safe by steam sterilizing. Chemicals to drench the soil may also 
be used. Use formaldehyde 1 gallon to 50 gallons water. Pour on as much as the soil will hold 
(about a gallon to the square foot). Stir the soil thoroughly as the chemical is applied. Cover with 


veer or canvas over ak Then work the soil each day till it dries and the fumes escape. From 
c) 


hree days to a week wi necessary to get the soil into shape. All boards, paths, tools, etc., must 
also be drenched with the disinfectant. his treatment of greenhouse soil is aimed more al soil dis- 


eases than at leaf diseases. Two gallons formaldehyde (cost $2.00) will treat 100 square feet. 


076 STATE BOARD OF AGRICULTURE. 


Spray the celery plants every two or three weeks with home-made Bor- 
deaux mixture prepared exactly according to directions. Spray oftener 
if the season is as wet as the past one. 


Fig. 8. Sprayed and unsprayed celery from the Muskegon experiment. 


Bordeaux mixture is a preparation poisonous to fungi and is used to 
give plants a protective coat. It is simply a dilute solution of Bluestone 
(or Blue Vitriol), 2%, mixed thoroughly with a dilute milk of lime (2% 
Stone Lime), applied at once.( Fig. 9). The Bordeaux must be on the 
plant before the danger period. Therefore spray before rains. The Bor- 
deaux, if allowed to dry for a half hour will not wash off. Use home- 
made Bordeaux, since it is cheaper and better than the commercial prod- 
uct. Celery does not need any lead arsenate or Paris Green. Lime-sul- 
phur is worthless. for celery—the blight spores can grow in this spray. 

A leaf sprayed once is protected as far as the Bordeaux reaches. The 
leaves increase in size, thus exposing new, tender surfaces. New leaves 
keep coming. T'o protect the new growth, spray often. 

For 1 or 2 acres a knapsack sprayer will do (cost about $5.00). A bar- 
rel pump (to run on boards) will cut down the work of spraying. This 
requires one man to pump and one to spray. (Cost about $50.00). Large 
acreages should haye a traction or power sprayer (cost about $100.00 and 
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up). The higher the pressure the finer is the mist produced, and the bet- 
ter the protection. A small sprayer is better than none. 

The College experiments of last swnmer at Muskegon demonstrate the 
value of spraying. The crop of celery harvested from the experimental 
field was the only celery of good quality harvested about Muskegon last 
fall. (Fig. 8). The following is the report of Mr. Joldersma, on whose 
farm the spraying was done: 


One-sixth acre (from which accurate returns were 
kept) sprayed with a knapsack sprayer at a 
total expense of $2.00 for labor and material 
gave 125 crates (10x10) fine quality at $1.00 


TASILATVE "ci tetcrick earls cin boc Ola Locke AAU ae eae ara mee a 62511) 
A similar unsprayed area gave 18 crates poor qual- 

Ta Saypretdes VUNG ape ana) oc ey y Recover pete ee kee os: Jad 9 tee sae alo 9 00 
Exeess return of: sprayed plot............. $116 00 
CORERON SPT yO <5 oor onacthcs  eraeeoneial pee alin or aes, we 2 00 

ONG fre Cet lan sonst sie Te rene cae rte le Steer teas ols $114 00 


On the rest of the acreage, at an expense of not more than $12.00, Mr. 
Joldersma saved a crop valued at about $1500.00. 
Mr. T. F. Spellman, Decatur, Mich., reports 


Sprayed six acres with a horse-drawn traction 
sprayer, using 40. pounds Blue Vitriol and 40 
pounds lime. Labor account was not kept, but 
was probably not more than $25. 11 cars (about 


‘2000 crates), celery receipts .................$2195 55 

Total expense—seed, fertilizer, spraying, total 
TAROT. Oly ee sCAre rn) Mcciectstyt accesses sae ererate age 440 98 
Net valine (OR CROs: cepene's' ae ae ae ean $1754 57 


No check was run on this test, but from the fact that the crop about 
Muskegon, Kalamazoo and Decatur was almost a total loss, and from 
the appearance of the fields nearby, it seems safe to attribute the excel- 
lence of this crop to the spraying. 

Spraying and other practices outlined in this bulletin, in spite of cost, 
must be made a part of good celery growing. 

Bluestone is high priced this year and hard to obtain at any price. 
Nevertheless, celery diseases must be fought if the grower is to be sure 
of a crop each year. Blight does not come every year but no one knows 
when the next outbreak will come. As a matter of safety the grower 
should follow the instructions given to insure a crop in spite of bad 
weather. The saving of one crop will pay for 20 years spraying. The 
Michigan Agricultural College will answer questions on celery diseases 
and will diagnose specimens free of charge. We invite correspondence on 
celery disease problems. Address Department of Botany, Experiment 
Station, East Lansing, Mich. 
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HOW TO MAKE BORDEAUX FOR SMALL ACREAGES. 


Saw a 50-gallon barrel (vinegar or oil) and make two 25-gallon 


tubs. 


Put 2 pounds of Bluestone (called also Blue Vitriol or copper sul- 


phate) in a cloth sack and hang over night in one-half a tub of 
water (121 gallons). Bluestone dissolves slowly. Hang it the 


night before so that the sack is just under the surface of the 
water. 


Make a lime paste by slaking 2 pounds of fresh stone lime in one- 


half pail of water. Stir this into the half tub (1214 gallons) of 
cold water. Hydrated lime (comes in sacks) will do but is not 
so good. Use 214 to 3 pounds of hydrated if stone lime cannot be 
had. Then follow directions of the picture. This method makes 


25 gallons of spray. 
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Fig. 9. Good Bordeaux is easy to make if these directions are followed. 


Norr.—Where much Bordeaux is needed, use method of making a strong stock solution by dis- 
solving 25 pounds of bluestone in 25 gallons of water. Make a milk of lime using 25 pounds stone 
lime to 25 gallons of water. ‘These stocks will keep. Then 1 gallon of stock carries 1 pound of blue- 
stone (or 1 pound of lime). To make 100 gallons of spray, dilute 8 gallons of stock bluestone to 50 
gallons, and 8 gallons stock lime to 50 gallons and pour together. Bordeaux may be tested to deter- 
mine if enough lime is present by means of blue litmus paper. If blue litmus turns red add more 


lime. 


With good lime, using the amounts given, no test is needed. 
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CHRISTMAS TREE PLANTATIONS 


Specia! Bulletin No. 78. 


BY A. K. CHITTENDEN. 


In order to determine the practicability of growing Christmas trees 
as a farm crop, the Department of Forestry of the Michigan Agricul- 
tural College established an experimental Christmas tree plantation at 
Kast Lansing in 1909. Sufficient time has now elapsed to warrant def- 
inite conclusions being drawn from this plantation. 

The area devoted to the experiment was 0.28 of an acre. The soil 
is a stiff yellow clay very full of medium sized stones from two to eight 
inches in diameter. The land slopes to the east and a seepage of water 
from a flat area above causes excessive moisture and a cold soil during 
the spring months. During the summer the clay dries out and bakes 
badly. Prior to planting the trees the best top soil had been removed 
by several years of erosion. 

The land was prepared by fall plowing. In the following spring the 
ground was harrowed, the gullies filled in, and the loose stones re- 
moved. There were three harrowings in all. Lastly, a float was used to 
level and prepare the ground for planting. 

A layer of coarse horse manure was plowed under with the fall plow- 
ing. No other fertilizer was applied, nor has any been used since as top 
dressing. 

Four year old Norway spruce transplants were used. These trees at 
the time of planting were about 1.4 feet high, good, strong, sturdy stock. 
They were planted with a triangular spacing of 3 feet, at the rate of 
5,584 to the acre. The marking was done by a horse marker. 

The plantation was cultivated three times during the first season. 
No hand work has been done since the planting. Two cultivations were 
given the plantation during the summer of 1910. Since that time the 
area has received no cultivation of any kind. The time required to cul- 
tivate the area once over was about 214 hours for one man with single 
horse. 

Thinnings were first made along the south and west sides where the 
soil, being much deeper and of better tilth, enabled the trees to grow 
more rapidly. The two outside rows along these sides were thinned to 
about every other tree in 1913. The largest trees were taken out and 
consequently the removal was not entirely uniform. In 1914 further 
thinning was made generally over the area. Wherever a large tree ap- 
peared to be crowding the ones around it, it was removed. About 350 
trees were removed in 1913 and 100 in 1914. In 1915 three hundred 
trees were taken out. All of these trees taken out in thinnings were 
trees that could be disposed of to good advantage. 

The loss in the area from 1909 to 1913, when thinnings were begun, 
was less than two per cent. 
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The trees grew rapidly for the first three years, until the roots reached 
the clay subsoil, when a decided falling off in growth took place. This 
falling off in height growth at such an early age is not characteristic of 
the Norway spruce which is one of the fast growing trees. Nor: 


A Christmas tree 7.8 feet high, grown in 6 gout from 4-year transplant stock in experi- 
mental plantation. 


way spruce in nearby locations where the surface soil is deeper have 
maintained a uniform height growth of about one foot per year. It 
may safely be said that the slackening in growth in this plantation 
was due to the clay subsoil near the surface. 
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The following table shows the average growth made by the trees in 
this plantation since it was established. The first column gives the 
average height growth of 10 of the largest trees, the second column gives 
that of 10 of the smallest trees, while the third column gives the aver- 
age of 320 trees taken in consecutive order through the plantation, and 
is a fair average of the whole. 


HEIGHT OF TREES IN PLANTATION. 


| Average | Average 


of 10 of 10) 4 eae’ 

largest smallest | trees 

trees | trees 

Feet. Feet. | Feet. 
Height of transplants........... 1.8 1.4 1.4 
MSCEV CRIs oo kkerchatvetares otha tana aiale ss 2.7 V7 2.1 
DUG y Calero. totsas ple amet sleretdel ee oe 6 4.0 2.3 3.0 
PUG V CUT e ateterenocty oles cenecerate eke eVehe, oie 5.7 2.9 4.1 
ALYSVCAL neuro. Mi stern austen Un 3.2 4.9 
PIULERV CAR Sater er ever ta a iactarnceeleveeta aeons 8.4 3.4 5.5 
GtbVearier ates kegs s soe ee as es 9.5 3.6 6.0 


| 


There are now 800 trees left in the plantation. The number and per- 
centage of these trees by 2-foot height classes, as they would be put on 
the market, at the close of the year 1915 were as follows: 


NUMBER OF TREES IN PLANTATION BY HEIGHT CLASSES. 


- Number 
Height class, feet netireed Per cent. 
7A! he gee PATEL CUCM ACICEE PRETO Cac rae aa 1 
Te Oe eR CRE ERNE EC NaC RACER ERENCE | 474 59 
aS PM aA dO so: Syed. oatiel vay orate ecaoy ahha SMAI tire | 200 5) 
STO ee mh ald be onde nies «RRR Rae as 49 | 


These figures do not represent what the plantation would have pro- 
duced as the 750 trees which were taken out in thinnings were nearly 
all the larger trees. 

For Christmas tree purposes too rapid growth is not desirable. If 
the trees grow faster than one foot a year they become spindly. The 
best Christmas trees are those which have grown rather slowly. They 
are bushier and better shaped than very rapidly grown trees. 

For a land owner who is located near a good market, the growing of 
Christmas trees promises to be a profitable industry. There is a steady 
although limited demand for such trees. Christmas trees are now ob- 
tained principally from the forests, usually at a considerable distance 
from the cities. They are shipped by the carload from the spruce and 
fir forests of Michigan, New York and Vermont, and with the depletion 
of the forests of the country the supply of small trees for this purpose 
will probably decrease. 

Christmas trees can be grown on any farm in Michigan. Norway 
spruce is the best tree to plant for this purpose. It will do well on 
almost any soil of good tilth. It grows rapidly, the branches stand out 
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well from the main stem and it makes a beautiful tree. The best size 
for Christmas trees, the size for which there is the greatest demand, is 
from four to eight feet tall. Such trees can be grown in five to six years 
if good strong transplants are used. The prices for Christmas trees 
vary, of course, with the locality and other factors, bringing, wholesale, 
from 15 to 40 cents apiece. It is reasonable to assume that a tree four 
to six feet tall will bring a price, wholesale, of 15 to 20 cents and a tree 
six to eight feet tall, 20 to 25 cents. 


‘a 
Ni 
&: 


A few of the more rapidly growing trees in the“plantation. Note the poor shape of the faster Srowing 
trees, the one on the left and one of those near the center. 


In setting out a Christmas tree plantation it is best to use good strong 
transplants, such as may be obtained from forest nurseries. There is 
considerable difficulty attached to raising the trees from seed, but if 
transplants are used this difficulty is avoided. The seedlings grow very 
slowly for the first two or three years and need considerable attention, 
but after they have been once or twice transplanted, as would be the 
case in good nursery stock, they grow rapidly. 

Four or five year old transplants are best. Such stock should be 
from ten to eighteen inches tall. The trees should be planted with a 
triangular spacing of three feet each way, requiring 5,584 trees to the 
acre. If, instead of planting with a triangular spacing, a rectangular 
spacing of three feet is used, 4,840 trees will be required per acre. 
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The best time for planting is in the spring as soon as the snow is 
gone and the frost is out of the ground. A regular spacing should be 
used as it makes cultivation easier and the trees will have uniform grow- 
ing space and will be more shapely. In planting, two men work to- 
gether to best advantage, one man to dig the holes and the other to 
carry the trees and plant them. ‘The holes should be slightly deeper 
than is necessary to take the roots when spread in a natural position. 
Fine moist earth should be sprinkled oyer the roots and the coarser soil 
drawn in next and packed firmly with the foot. A layer of loose soil 
should be scraped around the tree in order to retain the moisture. Great 
care must be taken in handling the stock in the field to see that the roots 
do not dry out. They should not be exposed to the sun or wind. It is 
a good plan to keep a piece of wet burlap over the roots when moving 
the plants. The roots should be thoroughly puddled just before plant- 
ing, that is, dipped in a thick mud of such consistency as will stick to 
the roots. 

The plantation should be cultivated occasionally for the first two 
years, to keep down the weeds and prevent early surface rooting and 
evaporation. Such cultivation will pay for itself in increased growth. 
After the first year the trees should grow about one foot a year. When 
the trees are about four feet high, which, if four-year transplants are 
used, will be in four years, they may be thinned out in order to prevent 
their crowding each other. By thinning them out the remaining trees 
will have more room to develop side branches and intermediate returns 
may be obtained from the trees taken out. This thinning is not neces- 
sary, however, as the trees will not crowd badly for some years. The 
degree of thinning should depend on the market for small sized trees. If 
it is good every other tree may be taken out. In making these thin- 
nings the larger trees should be taken out, so as to give the remaining 
trees more growing room, and because the larger trees can be disposed 
of at a better price. 

Four to five year old transplants can be obtained for about $15.00 per 
thousand. Planting 5,584 to the acre, the cost for the stock would be 
$84.00 per acre and the cost of planting the trees should not be over 
$40.00 per acre, or a total cost for stock and planting of $124.00 per acre. 
Cultivation is not a large item and can be done in spare time, being 
required only occasionally. Figuring the loss in the plantation at 5 
per cent, 5,305 trees will reach salable size. At the end of four years a 
considerable number of the trees will be large enough to put on the 
market, probably sufficient to pay for the investment if desired. In an 
operation of this kind the money invested should be figured at the local 
rate of interest which could be obtained, say 6 per cent. The following 
statements show the returns that may be expected, using the above data 
for a basis, and neglecting interest charges on the value of the land. 

Assuming an average price of 15 cents per tree with a 5-year rota- 
tion 

Bialeatnees at. 15: COM tsa ci acces etnetee hn asic ic $795.75 
Stock and planting, $124 at 6% for 5 years...... 165.94 


RTC cota ha oa wi ace 4g ggee Nalin eae re perme ig on araN chaal've -ai’s $629.81 
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This balance of $629.81 is the difference between the receipts obtain- 
able at the end of the 5-year rotation and the total cash investment in 
stock and planting costs, together with compound interest at 6 per cent 
for the five years. In other words assuming that the farmer had to bor- 
cow the money to buy the stock and do the planting, this balance is the 
amount that he would have left at the end of five years if he then paid 
back the borrowed money with compound interest at 6 per cent, and this 
would be equivalent to his holding a mortgage which paid 6 per cent in- 
terest and which gave him a yearly income of $111.73. 

If a 6-year rotation is used, the trees will be larger. Assuming an 
average price of 20 cents per tree, the results would be: 


5,505 trees at (20. centS sie. eee ee ee eee $1,061.00 
Stock and planting, $124 at 6% for 6 years.... 175.90 
Balance oS. ao. sacar ies 6 ee Sees $885.10 


which, in the same way as in the previous statement, would be equival- 
ent to an annual income of $126.90. 

It may not be advisable to put all the trees on the market at once. 
This must be governed by local conditions. The growth of the trees 
will also depend on the soil. Nothing has been said about harvesting 
the trees and no item has been included for this. The harvesting comes 
in the winter when work is slack. The trees can be readily cut with a 
saw. The above figures may be checked by obtaining quotations on 
Christmas trees, wholesale, from a grocery company or anyone handling 
Christmas trees in the locality. This should be done before establishing - 
a plantation, and the probable demand for the trees should govern the 
size of the area planted. 


EXPERIMENT STATION BULLETINS. 385 


MICHIGAN’S SHIFTING SANDS. 
THEIR CONTROL AND BETTER UTILIZATION. 


Special Bulletin No. 79. 


BY F. HOBART SANFORD. 


Sand dunes occur quite generally on all continents. Some of the most 
prominent are found in Australia, France, Cape Colony, the Great 
Sahara and in Western Asia and many other places in the old world. 
Prominent among the dune areas of the United States are those at 
Cape Cod, along the Coast of California and Oregon, the Columbia River 
dune region and the Great Lakes Region. 

Vast amounts of money have been spent on sand dune reclamation, 
some to good purpose followed by entire success, and some in the form 
of experiment. This experimental work has demonstrated satisfactorily 
the possibility of control. It is no longer a matter of guess although 
the same methods will not apply in all cases. Dunes which occur near 
salt water present greater difficulties in their control than those lying 
inland or near fresh water. The humidity of the locality as well as the 
total annual and seasonal rainfall all contribute their effects. The 
Great Lakes sand dunes are favored in this respect. The lake winds are 
heavily charged with moisture, and the annual rainfall amounts to from 
thirty-five to forty inches on the Lake Michigan shore and from twenty- 
six to thirty inches on the Huron and Superior shores. Under such 
moisture conditions and with the absence of the deleterious influence of 
the salt spray of other regions successful reclamation of shifting sand 
may be assured. 

The sand dunes in Michigan are found in four belts on the shores of 
the three greater lakes. These belts are mentioned hereafter as the 
Superior Belt, meaning the line of dunes found on the Superior shore 
of the Upper Peninsula; the South Shore Belt, meaning the belt along 
the south coast of the Upper Peninsula; the West Shore Belt as that 
formed by the winds and waters of Lake Michigan upon the west coast 
of the Lower Peninsula; and the fourth, the Kast Shore Belt as that 
washed by the waters of Lake Huron. 

Geologically the sand dunes are young. They had their crigin after 
' the disappearance of the Toledo Wisconsin Ice Sheet or when Lake 
Michigan attained its present shore lines and they have been formed 
since by wind and water. That timber has been logged and new forests 
are again produced proves that the forests have conquered the dunes, 
and, left alone by man and his agents, the dunes would again be covered 
with natural forest growth. We cannot now expect this to occur, how- 
ever, and with the competition for farmland becoming stronger, man has 
attempted to use the dune areas. A time may come when agricultural 
science will teach us how to safely use all the sands for agricultural pur- 
poses, but until that time comes those lands should produce the crops 
now known to be suitable to them. 

49 
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Many examples are found where a dune formation occurs covered with 
forest and other vegetation. The sand is firmly bound by the roots and 
masses of vegetative cover. No movement of this sand has occurred for 
many years. In fact, old forests now stand on and others have been re- 
moved from these dunes. During the growth, development, and ripen- 
ing of this forest there has been no change in the shape or form of these 
dunes. Such formations are called established dunes. With the removal 
of the timber and other cover from the face of these established 
dunes there occur breaks in the crust or soil cover. Burnings, cultiva- 
tion and roadway clearings are the most conducive to these breaks. As 
soon as a break occurs in a place exposed to the wind, erosion may begin. 
This wind erosion is often very swift in its action of tearing off the 
broken crust from large areas and carrying the underlying sand on over 
the surface and depositing it over the bank or steep slope on the leeward . 
side of the once established dune. (Fig. 1.) Such breaks are called 
traveling dunes and often form a menace to property because of the 
suddenness of their appearance and activity. Properties have very often 
been established in the shelter of the established dune and are always 
more or less menaced by the possibility of a break in its surface. 


THE UPPER PENINSULA. THE SUPERIOR BELT. VALUE. 


The dunes of the Upper Peninsula do not as yet form a serious 
economic problem. Until the demand for agricultural land rises to a 
higher level than at present there is little use in trying to reclaim the 
waste lands. Their value for summer resort purposes is overshadowed 
by sites around the inland lakes. Nor is the climate well suited to the 
bandling of small garden farms of fruit, berries or truck. The factors 
of economic value which warrant the development of the dune lands of 
the Southern Peninsula’s west shore are lacking. 


AREA. 


Beginning on the St. Ignace Peninsula at Point Aux Chenes and ex- 
tending for. fifteen miles along the shore is the first large active dune 
region. This belt varies from two to five miles in width and includes 
the entire west shore of Brevort Lake which is of timber covered or 
estabished dune formation. The second area reaches from five miles 
north of Point Patterson to the southwest shore of Indian Lake. This 
belt is nearly forty miles long and ranges from two to seven miles wide. 
The third area occupies the central portion of the Garden Peninsula 
with a shore front on Big Bay De Noe of fourteen miles. An inland 
or traveling dune occurs on Bay De Noc Peninsula about fifteen miles 
inland from Peninsula Point and covers an area of approximately four 
square miles. In all a total area of about 195 square miles or 124,800 acres 
which should never be used for any other purpose agriculturally than 
timber production, now lies a waste and nonproductive area. 


SOUTH SHORE BELT. 


On the south shore of Lake Superior there is another large blow located 
inland from Grand Marais. This blow is from two to three miles wide and 
twelve miles long, covering about thirty square miles. A conservative 
estimate would give the Upper Peninsula about 154,000 acres of 
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sand dune upon which timber should be established and maintained in 
an unbroken stand. The reforestation and sand control of these two 
Upper Peninsula belts is largely a problem for the State because the 
expense required t> control and plant these areas will hardly attract 
private enterprise and capital. 


THE SOUTHERN PENINSULA. THE WEST SHORE BELT. 


Economically considered the conditions prevailing in the dune regions 
of the west shore of the lower peninsula are opposite to those found in 
the upper peninsula. Directly adjacent to the waste dune area lies the 
great fruit belt of Michigan. Land values are high. Farms are operated 
intensively. Both rail and boat transportation make the dune belt 
readily accessible and lying near are large centers of commercial and 
industrial activity. The problem of dune control here becomes one of 
private enterprise because of the element of profit which will follow 
development. 


Fig. 1. Many expedients are resorted to in an effort to hold the drifting sand in check. 
This shows an attempt to form a barrier dune near the foot of a serious break. Without 
some planting to form a crust at the source of the blow these expedients are of little per- 
manent value. Sand catchers are useful in changing sand drifts and in the removal of 
sand from valuable land. 


Examples are very common along the west shores where large prices 
have been paid for old established dune lands as summer resorts and 
summer homes by wealthy people from the cities. Lake Michigan’s east 
shore will one day be as great a pleasure resort as any in the United 
States because of its accessibility to Chicago and the central south. Its 
climate is ideal—pure air and ever-constant winds from the lake add to 
the comfort and pleasure of those who seek rest or health. Adjacent to 
one of the greatest fruit belts of the world, the prospect of a summer 
spent amid the dune forests is an alluring one. The State has a duty to 
perform to its citizens in encouraging the development of this belt of 
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sand. Much of it is too light and shifting to hold any promise of agri- 
culture. Some may be devoted to the growing of fruit if proper protec- 
tion areas are established, but the larger part, or all of it is capable of 
producing a second crop of trees which form the chief asset in the de- 
velopment of the people’s play grounds, parks, and summer homes. Nor 
is the economic return to the State of small importance. Attention 
need only be pointed to the action of several New England States and 
cities in the development of aesthetic forests to show that it pays. Cali- 
fornia owes much of her fame to the tourist business and while she has 
many natural beauties to attract she has developed those other features 
of orchard and ranch to attract eastern wealth. Prosperous citizens 
make a wealthy state. Land lying idle is a sign of poverty. Sand lands 
are not worthless if properly handled. Seldom if ever will the cost of 
proper handling fail to give an adequate return. Michigan’s west shore 
belt should be developed by covering its sands again with forest growth. 

The sand dune land of the west shore of Michigan is difficult of brief 
description, but roughly speaking it embraces a belt of shore line varying 
in width from one-half mile to five miles. It extends from the extreme 
southwest corner of Berrien county northward along the lake coast to 
Stevensville. It covers two miles of coast along the Jake front at Benton 
Harbor, a belt of sixteen miles north to South Haven, and an almost un- 
broken belt north from Saugatuck to Whitehall. This is the largest 
area of traveling and established dunes on the shore, being about fifty- 
six miles long. Another belt reaches from Little Sable Point to Bass 
Lake, fifteen miles in length. A belt from Ludington includes Big Sable 
Lake and shore line to within five miles of Manistee, a distance of four- 
teen miles, and from Manistee to Portage Lake there is a narrow belt 
five miles long. There is a belt of one mile at Arcadia and a belt from 
Frankfort around Betsie Point and along the coast for ten miles to the 
northeast. It occurs again from Glen Haven and Sleeping Bear Point 
with a few breaks up at Cat Hand Point. Across Great Traverse Bay 
the dune area forms a narrow belt along the shore from Elk Rapids to 
Charlevoix. From Charlevoix it becomes a very narrow belt of about 
one mile or less in width. Along the shore of Little Traverse Bay to 
Harbor Springs this belt is generally quite well covered with wild growth 
of all kinds and is not serious, being of the sand fiat type. From Cross 
Village to Mackinac City the sand area again becomes extensive with 
frequent active breaks, extending over twenty-five miles of shore line. Ap- 
proximately 235 miles of the west shore are of dune formation. Assum- 
ing that this belt averages one and one-half miles in width of active dune 
and three miles wide as an average of dune formation there are 352 
square miles, one-half of which is shifting sands. The other half is 
covered with various forms of wild growth. A small part is good selec- 
tion forest of second growth. Most of it is cut over slash and brush 
land which is rapidly forming traveling dunes. Some of it, formerly 
cleared for farm purposes, is now reverting to an abandoned state of pot 
hole blows and traveling dunes. Altogether a careful estimate places the 
area fit only for timber growth at 225,500 acres. This forms the facing 
of the peninsula toward Lake Michigan. 
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EAST SHORE ARPA, 


On the east shore a belt ten miles long on Thunder Bay is about one 
mile in width. From Greenbush to Tawas Beach there is a belt twenty- 
five miles long and less than one-half mile wide from Greenbush to Au 
Sable, but over a mile wide from Au Sable to Tawas Beach. From 
Quanicassee City to Point Aux Barques on Saginaw Bay there is a 
narrow strip fifty miles long. From Lakeport to Port Huron there is a 
belt of approximately eight miles. Conservatively estimating the entire 
dune sand belt of the Huron shore as averaging one-half mile in width 
gives a belt of ninety-three miles long by three-quarters of a mile wide 
covering approximately 40,000 acres. Numerous areas have not been 
considered in these figures. 


Fig. 2. A condition of crust removal due to wind action, Big Prairie, Michigan. The 
constant pull of the wind rapidly tears away the vegetable binding, leaving a naked sand 
Swept surface. 


INLAND BLOWS. 


In various places inland there are large areas of shifting sand. These 
are not of dune formation. The movement of the sand is irregular. (Fig. 
2.) The wind causes blow holes and mounds. Only a few of these areas 
were studied. The largest one observed is located at Big Prairie and is 
extensive. No means are being taken to control it because there is ap- 
parently no prospect for large financial returns. Where such areas are 
held privately there should be either one of two plans offered by the 
State: 

Ist. Cooperation with the owner in planting with a view toward ulti- 
mate forest cover and sand control. 

2nd. Purchase by the State at a nominal price followed by reclama- 
tion planting. 

Such inland areas of extensive proportions should be under State con- 
trol either through actual ownership or through long term cooperative 
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agreement. Various smaller inland blows occur throughout the southern 
peninsula, usually only a few acres in extent but nevertheless serious - 
from the owner’s standpoint. These smaller blows are readily handled 
by the owners. Close adherence to the principles of the shelter belt 
cover system as hereafter outlined will usually insure complete control 
of these smaller inland blows. No difficulty is experienced in establish- 
ing a permanent stand of young forest trees at once by planting. After 
one year some trees will be blown out while others will be covered up. 
Often it becomes necessary to use dead cover to protect the planting for 
the first three or four years. Less than 20% of the trees planted are 
usually lost in this way. 


TOTAL SAND AREA, 


Bordering on the Great Lakes, Michigan has at least 534,000 acres 
of dune formed land. This is stretched out in belts of sand aggregating 
a total length of four hundred miles. 


“\ 


Fig. 8. The point of high water. or the point where the wind catches the sand. The 
bank of sand is here well planted to beach grass, and must be followed by tree planting. A 
disturbance or break in this grass cover, made by a foot trail or wagon wheels, is sufficient 
to make a wind path for the sand which may develop rapidly into a traveling dune. 


THEORY OF NATURAL FORMATION OF THE ORIGINAL DUNES. 


It is probable that no change has occurred during the process of time 
in the general formation of sand piles called dunes. The ceaseless action 
of water, wind and temperature breaks down rocks into increasingly 
smaller particles and rounds off the angles of the grains. Constantly 
these grains are cast upon the shore by the waves. The sun’s heat soon 
dries the grains and the wind rolls them higher over the smooth sand 
surface, finally depositing them with masses of others in drifts and 
banks on the leeward slope of the newly formed drifts. During this time 
of wind and water formation of the dune, the vegetative forces are also 
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ceaselessly at work. Here and there reaching above the level sweep of 
sand surface, portions of rock, driftwood or other debris project. Around 
these obstacles the wind forms tiny drifts and cuts, into which seeds of 
sand and shore grasses, and rootstalks of perennials drift and become 
covered with sand. Growth starts in the shelters thus secured and soon 
clumps of grass cling tenaciously to the support. (Fig. 3.) Light seeds 
from nearby trees and shrubs lodge here and gain root. These small 
spots normally, and annually gain more ground than is lost to natural 
forces of wind and water. These spots of vegetation and woody cover 
soon spread over the face of the heaviest drifts and form the crust which 
establishes the dunes. Species which take part in this early struggle 
with wind and water erosion, and which gradually win out are all those 
shore and sand grasses and herbaceous plants which thrive so well on 
the shores of the Great Lakes. The most prominent and those most 
serviceable in reclamation are given here and include the three classes 
of trees, shrubs and plants and grasses which grow wild on the sand 
dune and drift areas of the State. A complete list is not attempted hut 
only such are given as are most conspicuous in the formation of a cover 
on the established dune areas. 

Many of the shrubs and plants listed form a secondary or soil cover 
under the canopy of forest trees, and are not directly respensible for 
maintaining the crust or surface. They do, however, contribute largely 
in supplying the organic matter, as well as furnish the physical obstruc- 
tion which is so essential in holding the litter and debris in place against 
the action of the winds. Many of the species listed are local to one or 
more of the Dune Belts and this fact should be ascertained before they 
are generally used. 

It is entirely possible that certain plants and grasses found growing 
in abundance in the Superior Belt may be planted on the Michigan and 
Huron shores and vice versa, but definite facts should be obtained for 
each plant so far as possible before it is used extensively. 

The following trees grow well on the sand banks and more or less 
wind: swept shores of the Great Lakes: 


TREES. 

Conifers. 
White Pines jisrenk re. soa are Seb cape teh suet Sleepy dice Pinus strobus. 
Reis PINs 45 hogs sakes s Forens ae a, At Ee es AS Pinus resinosa. 
Jack (PING <..i5.2% <- le ee sarees Cabal) ceVabi ce Riet atone Pinus divaricata. 
Pate he PIMC oe oe; eae outs <a me HE Rede Ea ae AEE erat Pinus rigida. 
PUSAN PINE 35 seo ot Datars, = Bars eae ere erate Pinus austriaca. 
SST EL 21 en eee Pee nen ae PE Sg rt attleraie amet Pinus sylvestris. 
WN et SSP U CE, iis 5. sca bls, Sen chet ae he ee Picea canadensis. 
ORM AN < SITTICE yo \a.5i «010 jon 9 hwo Rie eee RE Picea excelsa. 
eronean earehy. ci... 5 ais sacks Aaa rakara ti of ares Larix europea. 
(el STO queer eaest apertures, Ror he ke ho Rwee stew oe A Tsuga canadensis. 
isan I. 679)... Ages Pe a a ee Abies balsamea. 


MV 9 O21 6 ob Pie ake eRe ete if d'aiae 2s Thuya occidentalis. 
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Hardwoods. 


NV RITS -PODIAR. ce ccoate wcatic ow aie catiebe eat ola ease Populus alba. 

Balm Of ‘Gueat cst sbanne oe Mee eee echo ee Populus balsamifera. 
Cottonwood or Carolina Poplar ............. Populus deltoides. 
Large Tooth (ASPGR. co iets eyneteeishe ees. Sas oid ele Populus grandidentata. 
Trembling ABTIONN «op: tance ce te beiece pis aia anisole wae wants Populus tremuloides. 
CrONM ere  WAllOW | x i sere raphe eee maiie ers boas ie eI Salix alba vitellina. 
Fete ke< NV ULLOW cn. £/ato.6 eaten iced 2k, aalbgeth yn acner eee aeke Salix nigra. 

Black. or ‘Cherry. Bireh, «7 «jee ee pe Betula lenta. 

Vellow or, Bronze, BIPGhy anu eke eee Betula lutea. 

Mibite Birch) <3 Soc o fe sas oreo ie See eee ee Betula alba. 

Paper or ‘Canoe, Birch; :...0) bP eepiiewc eee ree Betula papyrifera. 
WVBIE Oak & oss .s ane oss erteut ov eae eae ae Quercus alba. 

Bed ,Oaleohs acess tise ieee toe ere UE Gee Quercus rubra. 

Pla Gk Oa he Astin ip ea Nast chat bi oe a A Quercus velutina. 
White os Am enicam Hii) .£;su2ses sass Ulmus americana. 
SSISRC WH ee Mey eer re oe ei ei Serres Ta, eae Sassafras sassafras. 
DOCU IG: cesie chase SE 5 wm ciate ia ates ke ene ee Fagus americana. 
pet Gute les 14 PW 0) Cee e Smear a unin vate on EMD esta ot nA Acer saccharinum. 
EGG pM yeh lon eimai Mv esa 2 sce #% auch sei Acer rubrum. 

Har Ole Sula MAIO v2 cos a0. Sn he ces a arene Acer saccharum. 
SASS WOO sre erst EGS cic, t8e Sess s5 Eola & a:kde oR OGTR Tilia americana. 
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A list of the more common and useful shrubs follows: 


SHRUBS. 
Ground Hemlock, Taxus canadensis Marsh. 
Range: Along east shore of Lake Michigan south to Benton Harbor 
under forest cover. 
Bay Berry (Wax Myrtle). Myrica cerifera L. 
Range: Southern Michigan on sandy or sterile soil, near coast. 
Sweet Gale, Myrica Gale L. 
Range: Borders of ponds, swamps and lakes. 
Hairy Willow, Salix adenophylla Hook. 
Range: St. Joseph northward on beach sand. 
Broad Leaved Willow, S. glaucophylla Bebb. 
Range: Lake Shore on beach sand. 
Basket Osier, Salix viminalis L. 
Range: South Haven. On moist sandy soil. 
Three Toothed Cinquefoil, Sibbaldiopsis tridentata (Soland) Rydb. 
Range: Barrens of Missaukee County. Grayling and shores of Great 
Lakes. 
Wild Rose, Rosa blanda Aiton. 
Range: Along Lake Michigan shore and inland. 
Prickley Rose, Rosa acicularis Lindl. 
Range: Cheboygan County. Mackinaw City to Petoskey. 
Rosa Sayi Schwein. 
Range: Northern lower peninsula and southern upper peninsula 
shores. 


~ 
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Wild Red Cherry, Prunus pennsylvanica L. f. 
Range: Very abundant on sandy soil in northern half of State, less 
abundant south. 
Sand Cherry, Prunus pumila L. 
Range: Emmet County to Ottawa County. Saginaw County to St. 
Clair County. 
Choke Cherry, Prunus virginiana L. 
Range: Common over Michigan on sands. 
Dwarf Sumach, Rhus copallina L. 
Range: Common in pine lands. 
Fragrant Sumach, Schmaltzia crenata (Mill.) Greene. 
Range: Bluffs and sandy hills of Michigan. 
Wild Winter Grape, Vitis bicolor Le Conte. 
Range: Southern Michigan and Lake Shore. 
Northern Fox Grape, Vitis Labrusca L. 
Range: Muskegon, southward. 
American ivy or Virginia Creeper, Parthanocissus quinquefolia (LL) 
Planch. 
Range: Common in Michigan. 
St. Johns Wort, Hypericum Kalmianum L. 
Range: Along the lakes, more common northward, Manistee, 
Petoskey. 
False Heather, Hudsonia tomentosa Nutt. 
Range: Sandy shores of Lakes. Frequent on sand dunes. 
Canadian Buffalo Berry, Lepargyrala canadensis (LL) Greene. 
Range: South Haven and northward along lakes. Not found on 
dunes and dry sand. 
Red Osier, Cornus stolonifera Michx. 
Range: Marshes and borders of streams, very common on moist flats 
along Lake Michigan. 
Bailey’s Cornel, Cornus Baileyi Coult. & Evans. 
Range: East shores of Lake Michigan on sand dunes. 
Sheep Laurel, Kalmia angustifolia L. 
Range: Harrisville west to Portage Lake, Tawas City and Thunder 
Bay, common. 
Dwarf Blue Berry, Vaccinium angustifolium Act. 
Range: Dry hills and barrens of Michigan. 
Morning Glory, Convolvulus repens L. 
Range: General, a good sand bank binder under newly planted 
shelter. 
Button Bush, Cephalanthus occidentalis L. 
Range: Swamps and river bottoms. Cheboygan County. Very com- 
mon southward on moist flats. Soil, swamps. 
Partridge Berry, Mitchella repens L. 
Range: Beech, maple, hemlock or pine woods, north slopes on pine 
soils. 
Common Elder, Sambucus canadensis IL. 
Range: Common in clearings and in rich open places. 
Sheep Berry, Viburnum Lentago L. 
Range: Frequent over southern Michigan, moist flats and in swamps. 
Snow berry, Symphoricarpus racemosus Michx. 
Range: Along Great Lakes, Saginaw Bay and Alpena County on 
dry ridges and banks. 
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GRASSES AND HERBACEOUS PLANTS. 


Beach grass, known also as Sea Sand Reed, Sea Matweed and Marram, 
Ammophyla arenaria (L.) Link. (Fig. 4.) This is the most valu- 
able grass known to hold drifting sand. It is found along all the 
shores of the Great Lakes and grows vigorously. It is particularly 
valuable because of its root-stalk growth which enables it to grow 
up through rapidly accumulating sand. 


Fig. 4. Photograph of Ammophylla arenaria Link, commonly known as Marram or Beach 
Grass and considered to be the best of the sand binders. 


Long Leaved Grass, Calamovilfa longifolia (Hook.) Hack. 

Range: Lake Michigan and Huron shores. 

Sand Grass, Triplasis purpurea (Walt.) Chapm. 

Range: Great Lake’s shore. Descriptive photo. 

Northern Wheat Grass, Agropyron dasystachyum (Hook.) Vasey. 

Range: Shores of Huron and Superior. Common on dunes of the 
range. 

Squirrel Tail Grass, Hordeum jubatum L. 

Range: South shore of Lake Superior. 

Wild Rye, Elymus arenarius L. 

Range: Shores of Great Lakes. 

Bristle Leaved Sedge, Carex eburnea Boott. 

Range: Lake Michigan Shore—south half. 

Sand Sedge, Carex arenaria L. 

Range: Not a native to Michigan, but probably naturalized from 
Europe and of promise on account of its vigorous creeping 
rootstalk. 

Seaside Arrow Grass, Triglochin maritima L. 

Range: Great Lakes. 

Indian Rice, Zizania aquatica L. 
Range: Sand flats and marshes of Michigan. 
Small Rush Grass, Sporobolus neglectus Nash. 
Range: West Michigan shore. 
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Twisted Willow Grass, Draba incana arabisans. 8. Wats. 

Range: Along the Great Lakes. 

Wild Lupine, Lupinus perennis L. 
Range: Sandy soils generally over Lake Region. 
arvense L. 
The Clovers—Trifolium < pratense L. 
/ repens L. 
Rigid Tick Trefoil, Meibomia ridida (Ell.) Kuntze. 

Range: Dry soils of Michigan. 

Narrow Leaf Bush Clover, Lespedeza augustifolia (Pursh) Ell. 

Range: Dry soils of Michigan. 

Beach Pea, Lathyrus maritimus (L.) Bigel. 

Range: A perrenial decumbent pea vine of great value on the Great 

Lake Region. It is perfectly hardy and a good spreader. 
Sand Violet, Viola subvestita Green. 

Range: Throughout Lake Region. Several other members of this 
genus do well in a partial shade or dry or sandy soils, and 
should be encouraged. 

Fire Weed, Chamaenerion “augustifolium (L.) Scop. 

Range: Dry soils and comes in readily after clearing and fire. Com- 
mon over the Lake Region. 

Oakes’ Evening Primrose, Oenothera Oakesiana Robbius. 

Range: Common along the Great Lakes. 

Large Purple Gerardia, Agalinis purpurea (L) Britton. 

“Range: Common on low lying flats along the shores of the Great 
Lakes but not on the drift sands. 

Twin Flower, Linnaea americana Forbes. 
Range: On north slopes and cool cover. Not on sands unless shaded 
and moist. 
Beach Cocklebur, Xanthium echinatum Murr. 
Range: A coarse sand weed, growing along lake shores and rivers. 
White Aster, Frost Weed. Aster ericoides L. 
Range: On dry soils of Michigan. 
Lake Huron Tansy, Tanacetum huronense Nutt. 

Range: On sand dunes of north part of the Southern Peninsula, and 
north. 

Canada Wormwood, Artemisia canadensis Michx. 

Range: A perennial root plant growing on sand dunes from New 
' Buffalo to Mackinae City. 

Only a small number of plants, grasses and trees of this list form 
active, aggressive, advance agents of natural reclamation. The rest 
establish themselves gradually and only after some little protection is 
afforded by the advance growth. 


COVER TYPES. 


There are two distinct forms or types of cover to deal with before a 
final forest cover is established. The first is a temporary type and in- 
cludes all those hardy persistent aggressive plants above listed. The 
most prominent being the beach grass, or Marram, the sand pea, the wil- 
lows, poplars and sand cherries with often a sprinkling of paper birch. 
These form the temporary type which establishes a crust on the sand 
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drifts. Because of the intolerant character of the foliage of all these plants 
and further because of their short period of activity and vigorous life, 
they are not able to permanently maintain the control. Consequently the 
term temporary type is applied. Fortunately the temporary type fixes the 
sand and prepares the way for the reception of long lived durable timber 
trees which are able to find sufficient moisture and form a permanent 
type or forest. In this way occurs the very gradual reforestation of 
those great sand shore belts of Michigan. 


Vig. 5. Break over top of a wooded dune caused by a road which led from the water 
edge ie the top. Wind soon caused the destruction here shown. This dune is burying an 
orchard. 


EARLY CONDITION AND TREATMENT OF DUNES. 


When the colonization and settlement of Michigan began early in the 
eighteen hundreds it seems probable that the West shore was generally 
covered throughout its length with heavy stands of timber. With the 
removal of this cover through clean cutting, breaks in the crust occurred. 
The slash burnings which commonly followed lumbering made extensive 
tracts as bare as when first formed by wind and water. Construction 
of roads and clearing into fields help to hasten the formation of the 
large active or traveling dunes. If nature could be left alone she would 
finally reclaim the Michigan dunes but this has not been allowed. The 
sad part of man’s interference is that much of the damage done to the 
natural cover and crust has been unnecessary. Little concern and less 
care often attended the burning of slash and undergrowth on these sands 
with the result that the accumulated humus and other sand binders were 
removed. All chance for a new crop of vegetation was thus destroyed 
because of the destruction of the seed. ‘Often these burnings were 
cleared, plowed and cultivated for a few years until nothing could longer 
be produced. Such handling has prepared the way for heavy shiftings of 
the original dunes, Repeated cases were studied, which had been caused 
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by early cultivation and later abandoned. Many instances were noted 
where traveling dunes have encroached upon orchards. In some cases 
these orchards of full grown trees were either partially or completely 
buried. In one place in Berrien County a break was caused by a twenty 
foot road which had been cut over the dune. Through this narrow open- 
ing in the timber erosion began by cutting away a clean channel or 
“slide” until a sweep several rods wide had been eroded clean. This 
dune was traveling rapidly, estimated at the rate of ten to fifteen feet a 


lig. 6. The planting on Creeping Joe at Manistee as done by the Government in 1902. 

Poplar was successfully established, a dead cover laid, and grass planted to hold the sand. 
Blocks were thus well handled but the fault lay in that no permanent planting was followed 
up. 


year. In this instance a small amount of care and slight expense in 
planting would have controlled the situation, where now it will re- 
quire a considerable amount of both time and money before control can 
be affected. Fig. 5. shows a portion of this traveling dune, taken from 
the lee or back side. 

Owing to the fact that wind is capable of moving only the dry sand 
grains, and to the further fact that Michigan has a humid climate it be- 
comes possible with care to reestablish the broken or traveling dunes and 
to permanently control the new ones. The State and the individual have 
both contributed to the conditions of sand erosion. Thousands of acres 
of land now lie a total waste, which may produce timber. The dunes 
annually bury or threaten to bury much valuable property if not con- 
trolled. The protection of property now entails heavy outlays of money. 
The railroads and public highways spend enormous sums in clearing 
tracks and in construction of temporary barrier fences against these sand 
encroachments. Much of the fighting is now being done in such a way 
that it must be done over and over yearly—viz: on the leeward side 
where the freshly blown sand falls. The work should be begun at the 
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other side of the dune if the sand problem is to be settled. If the plant- 
ing is done at the water edge, or at the edge of the break on traveling 
dunes, then the newly washed up accumulations are kept covered by 
vegetation. If the planting is always worked toward and close up to the 
high water, the serious damage of drifting sand may be overcome. On 
the southeast shore of Lake Michigan there are long stretches where 
sand accumulates rapidly, and there annual planting on this newly 
formed land must not cease, once the bare expanse of naked dunes back 
from the shore are covered. There will always be a cutting and filling 
operation carried on by the waves of the lake, but if the fills are planted 


Fig. 7. Government planting on south face of Creeping Joe at Manistee two years after 
the temporary cover was established. Dense belt of mass planting in the foreground to hold 
sand and break the sweep of the wind. 


close to the high water. break, this problem becomes a simple one of 
willow planting with a periodical filling of permanent trees as the beach 
area is built into the lake. It cannot be hoped to prevent the building 
up or the cutting away of the shore lines with planting. 


DUNE HISTORY AND EARLY EFFORTS TO CONTROL SAND. 


The encroachment of sand from Lake Michigan upon valuable orchard, 
farm, and timber land has been a matter of much concern for many 
years. Many theoretically correct but half hearted attempts have been 
made to reclaim portions to some form of control. The investigative 
reports of studies made by various organizations usually conclude by 
offering recommendations, the carrying out of which would cost many 
times what the land is worth. These lands are very largely privately 
owned which fact makes their reclamation much more difficult than 
where they are owned by the State or Federal Government. Experi- 
ments have been tried with entire success in many spots along the west 
shore. Where failure has resulted it has been due to the discontinuance 
of the work before a final cover of permanent forest growth became estab- 
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lished. A very noteworthy example of the success of the efforts to bind 
drifting sand was found at Manistee on a dune known as Creeping Joe, 
a large formation formerly covering one hundred or more acres. This 
dune is shown in figs. 6 and 7, in 1904, about two years after the Govern- 
ment planting was made. Very extensive plantings of beach grass, 
covering the face toward the lake, were established uniformly and 
reached to the crown of the main dune. Where permanent planting of 
black locust, Carolina poplar, spruce or pine was made in groups or 
blocks a crust was formed by the grass and tree roots which held the 
sand. Where no tree planting was made and where grass was depended 


Fig. 8. Black Locust growth in a clump on the southwest slope of Creeping Joe. Govern- 
ment planting of 1902-8. This tree resisted successfully the burying action of the sand 


ee spruce. larch, pine and fir were killed. Patches of marram remain in the protected 
spots. 


upon solely to form the cover, frequent breaks occurred which gradually 
widened until all signs of grass or o+her growth were totally lost. (Fig. 
8.) The poplars completed the :rust and windbreak, but were not suited 
to form a permanent cover. Blocks of black locust and spruce were used 
which have formed a permanent cover, and in 1914, twelve years after 
planting, these blocks were withstanding the wind and sand action per- 
fectly. (Fig. 8.) On the areas where only grass was used as a cover 
nothing remained in 1914. Several places were found where poplars 
had been planted in 1902. (Fig. 9.) These were gradually being over- 
come by the sand but still plenty of shelter was provided by the growth 
present to insure establis:ment of a permanent forest. Such was the 
condition found at the crest of the once active dune twelve years after 
the temporary plantings of grass and poplars. At any time during the 
interval of this dozen years a planting of permanent forest trees could 
have been made with every chance of success. There were several note- 
worthy examples of blocks of permanent planting on the windward side 
of the dune as shown in Figs. 8 and 10. No permanent planting followed 
the grass planting, the result being that the block of locust shown in 
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Fig. 8 had no protection after the grass cover broke. Nevertheless they 
have maintained a healthy and normal if not rapid growth. Incidentally 
it should be remarked that in this locality black locust was entirely 
free from the locust borer in August 1914. Fig. 8 further shows re- 
maining evidence of grass still struggling against the constant tugging 
of the wind. 

Another splendid example furnished by the United States Government’s 
early work is at Saugatuck. A uniform planting of grass was made, the 
plants being secured close by and spaced 18 by 18 inches, at a cost of 
approximately $45.00 per acre. Here again too much was expected of 
the grass and dead cover. The last and most important operation was 


Fig. 9. Poplars half buried in a dune. Permanent planting should have been made before 
this temporary cover lost its grip upon the sand. 


not performed, viz, the establishment of a permanent forest. Such in- 
stances as these show the inadvisability of attempts on the part of pri- 
vate owners to conquer the bad dunes at one operation by the use of 
beach grass alone. If, however, funds are plentiful and immediate re- 
sults are demanded, successful reclamation may be secured by following 
the entire cover system which is described later. For the small owner 
or the farmer of moderate means other methods must be applied, calling 
for moderate annual expenditures and slower results. 


ORIGIN OF “BLOWS.” 


The vast ridges of sand often towering a hundred feet or more above 
the water and extending in almost unbroken series from the southwest 
corner of Michigan to the Straits, bear mute evidence of the ceaseless 
activity of the water-wind action. Much of the surface of this series of 
dunes has become forest covered, the same as other land. While there 
are no data available there is every indication that under the wild 
natural condition of things, most of the dune sand became covered with 
permanent vegetation. With the exploiting of the timber wealth of 
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Michigan, however, the virgin pine, spruce, cedar, maple and oak was 
removed. Following this came the fires which removed the “crust” 
over this sand, formed during many generations of plant life. Many of 
these burned over clearings were cultivated for a time until the humus 
accumulation and root binder material had become exhausted. Often 
two or three croppings were sufficient to render these sands worthless 
for farming purposes. Such areas are spoken of as “blows.” 


NEW DUNES. 


The new dunes and blows are those along the water edge of the lakes. 
The disturbance is not primarily an agitation of the old sand but the 
constant movement of new sand which is brought up from the bottom 


_Fig. 10. A shelter belt established at Manistee by the Government. This belt was five to 

six rods wide and proved a success as far as it went. No follow up or later planting was 
done and the good effects of the belt were wasted. Without more permanent planting this 
belt will soon become buried. 


of the lake by wave action and cast high on the shore by the breaking 
water. During the breaking down process the particles of rock become 
finely pulverized by water action and contact with each other until 
there is formed a smooth surfaced grain called smooth sand. All the 
angles and sharp edges have been worn smooth. The form becomes 
globular, oval or rounded. In this form it is easily tossed on the beach 
by the waves. It soon dries and the wind tumbles it higher up the slope 
until it forms a part of the mass of sand that is building the new 
dune, burying the orchard or covering the field. When a break in the 
surface of the old, formerly forest covered dune occurs as may be caused 
by a road or footpath, conditions are right for the development of a 
new dune, and the treatment is the same as for other forms of shifting 
sand. 
51 
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PRINCIPLES TO BE OBSERVED IN SAND CONTROL WORK. 


Sand dune control is expensive and is justifiable only where an 
economic necessity demands it, or where the initial expense is justified 
by the consideration of future production and profit from the land. 
Under the first case would fall such objects as the encroachment of 
dunes upon highways and railways, the blocking of channels and harbors, 
the burial of land within municipal corporation boundaries and areas 
valuable as city forests and parks, and the encroachment upon valuable 
orchards and farm land. The second class includes those farm lands 
which should be made to yield periodic crops of short rotation timber 
and also those large areas of wild land which are now held for invest- 
ment or future development. 


—— " 
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Figure 11. Destructive action of sand blow during the late winter. Sand has covered the 
snow to a depth of a foot or more, resulting in the burying of large numbers of smaller 
trees and shrubs. These results are always found on the lee edge of the drift. 


In any case where sand blows occur the question of the future value of 
the property is in direct relation to the productive capacity of the land 
in the years to come. A sand blow yields nothing to the owner, and 
must always lie on the market as non-productive land. A sand blow 
planted and controlled by timber cover becomes an asset as soon as 
the cover is established. It at once becomes productive land and its 
future value increases. To what degree its selling value will increase 
depends upon yarious factors such as accessibility and desirability as 
resort or estate property and upon its timber value. 


METHODS OF CONTROL. 


Many plans of control have been worked out for the Cape Cod Dunes, 
the dunes along the Columbia River in Oregon, and European dunes. 
None of these methods can be applied to the Michigan dunes, because 
either the work was too costly, too intensive, or required immediate com- 
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pletion. The private individual can not afford heavy expense where 
there is no prospect of immediate returns. A system is therefore neces- 
sary which reduces the initial expense and spreads the work over a 
longer period. The labor problem also prevents the private owner from 
securing planting material at the proper season. Planting stock is hard 
to secure in quantities, especially beach grass. Effort to complete the 
reclamation in one or two years often results in careless planting or in 
leaving unplanted areas which soon develop bad blow conditions and 
ruin the earlier work. These facts have been taken into consideration 
in the following plan. 

The fact that the new sand first makes its appearance at the water 
line or high water mark, establishes this as the point of first attack. 
The first planting that is done amounts to a border planting using any 
material capable of withstanding the rigors of exposure—rough seas 


Fig. 12. Wind erosion at Big Prairie. This cemetery lay in the path of a blow. _Such 
a condition as this might justify a heavy expenditure in the establishment of the Entire 
Cover System of sand control. 


and ice conditions are often very severe on living woody growth. On the 
fine sand beaches the use of beach grass, beach willows, sand pea and 
other local plants that are easily secured is recommended. The im- 
portant principle is the establishment of a vegetative belt parallel to the 
water line and as near to it as plants will grow. In many places along 
the Lake Michigan shore grass planting is not necessary because of the 
firm holding condition of the surface near the water. This is due to 
various compositions entering into the make up of the soil, principally 
however to the coating of small pebbles or coarse gravel known as 
shingle. These conditions furnish splendid ground for the planting, 
the wind being the only factor working against the plants. Often it 
has been possible to collect drift material enough to make a wind and 
spray buffer between the high water line and the planting line. Logs, 
stumps, sticks, barrels, boxes, etc., furnish a good protection to the low 
growing first cover planting from the severe sweep of the winds. 
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BARRIER OR SHELTER MBETHOD, 


Sand blows often occur which do not warrant extensive outlay of time 
or money. The private owner is willing to do something, but he wants 
to do it gradually, a little at a time as his means and time warrant. To 
such conditions the Barrier Method of control is advisable. The vul- 
nerable point of attack must first be determined. This is indicated by 
the general travel direction of the sand. On shore sand dune work there 
is only one point of beginning and this is at the water edge. With in- 
land blows however this point may be more difficult to determine 
especially if one cannot watch the blow throughout the year. Ofteu 
there are seasonal blows from different directions, in which case dif- 
ferent sides of the blow should necessarily come under control simul- 
taneously. é 


Fig 13. Birds eye view of the government planting of permanent clumps on the west 
slope of Creeping Joe. The haphazard location of the groups of trees furnish little or no 
protection to the entire cover planting on the upper slope of the dune. <A few years more 
would have witnessed the complete burial of the temporary grass and poplar cover at the 
crown of the dune. 


The first operation consists in establishing a living cover of sand- 
binding material and low woody plants with a permanent setting of 
small trees for both temporary and permanent shelter. For the pur- 
pose of sand-binding work, any herbaceous plant that will grow on the 
sand in the locality should be used. Such plants as the valuable and 
common beach grass (Ammophylla arenaria), the beach or sand pea (La- 
thyrus maritimus), Rosa virginiana, and other marsh or upland grasses 
and wild vetches are suitable. These are planted with 2 by 2 ft. spacing 
over the entire belt and later protected by the dead cover. Willow 
cuttings are next made from the abundant marsh willows which are 
common all along the Lake Michigan shore. The variety does not seem 
to make much difference so long as good fresh new wood from rapid 
growing trees is used. The cuttings should be twelve to eighteen inches 
long and not over three-fourths inches in diameter at the butt end. 
These are stuck into the sand to a depth of ten to fourteen inches so as 
to insure being constantly in moist sand. A row of willow cuttings is 
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placed two feet or less apart at the edge of the belt, another row planted 
in the same way is set three to four feet inside of the first row. In ex- 
ceptionally exposed blows it often becomes necessary to set one or even 
two more rows of willows, placing them closer together and thus cover- 
ing the first ten feet of the belt. This forms the facing or front. Be- 
hind the willow and still within the dead cover area alternating trees of 
Carolina poplar, spruce or pine should be set in rows four to five feet 
apart. First a one-year Carolina poplar and four feet from it an ever- 
green, then a Carolina poplar, then an evergreen, etc. These rows, 
alternately poplar and conifer, are best set four by four feet on areas 
exposed to heavy wind. Two objects are attained in the alternate plant- 
ing of poplar and conifers. First, a good growth and high per cent of 
living trees is assured by the use of Carolina poplar, since ninety-five 
per cent of the trees of this species should survive. The rapid growth 
for the first ten to fifteen years assures a quick shelter against the sand 
carrying wind. Second, the poplars are short lived and their foliage does 
not monopolize the entire crown area, and further, they recover readily 
from the wind and storm injury to which they are subjected. When 
the poplar has stood the brunt of ice and snow storms for a dozen or 
more years it should be removed to furnish space for the permanent 
trees. Conifers make the best permanent forest crop on exposed sands 
because they form a dense screen through which the wind cannot pass 
and cast a dense shade which is conducive to the accumulation of humus 
forming litter, preventing the excessive drying out of the sand floor 
which often occurs during the dormant season when covered by deciduous 
trees only. They are also quite free from insect pests and produce 
higher returns from the lumber than do the hardwoods. Conifers do 
not succeed when planted alone on the sand dunes, however, because, 
owing to their slower growth at the start, they are more easily blown 
out or buried during the early years after planting, and they present 
a heavy evergreen top before the roots are sufficiently established to with- 
stand the pulling, rocking action of the wind, which loosens them to 
such an extent that they are barely able to keep alive. They also suffer 
during the first and second seasons from excessive transpiration when 
standing unprotected. 

An artificial or “dead” cover should be established in bad cases. This 
consists of any convenient material being placed on the land at the point 
of wind attack. (Fig. 6.) Cornstalks, rotted marsh hay, brush, poles, 
old lumber scrap, rotted saw dust, cut weeds, etc., may be used, or 
sometimes short stakes, barrel staves, ete., may be driven into the sand 
at close intervals. The sole object of this cover is the obstacle furnished 
to the clear action of the wind. This material should be placed uni- 
formly over the belt or strip extending along the edge of the blow or 
along the shore of the lake, and a few feet above the high water mark of 
winter storms and ice. The width covered depends entirely upon the 
size of the dune and the resources available in any one year for the 
work. The belt may be covered for a width not less than a rod and 
preferably at least three or more rods the first year. The covering of 
this belt with dead material constitutes the last operation and is known 
as the dead cover. 

Subsequent work under this method should be carried on by the estab- 
lishment of successive belts parallel to the first. An interval of one 


406 STATE BOARD OF AGRICULTURE. 


hundred feet or more may be left between the first and the second belt. 
The second belt is established in the same manner as described above, 
except that one or two rows of willows will ordinarily be sufficient to 
form the facing. From the later belts all willows may be omitted, using 
poplar and evergreens exclusively. When the second belt is being estab- 
lished the dead cover should be used if there is evidence of much sand 
travel over the surface. Under this method a belt is established each 
year, each succeeding belt approaching nearer and nearer the top of 
the dune. If the elevation increases rapidly the space between the 
second and third, and third and fourth belts should be narrowed to 


Fig. 14. The Railroad Company loaded this dune upon cars and carried it across the 
State to be used in sand blasts. 

The results of the temporary cover planting by the Government on this dune were excellent. 
The chief fault was that no permanent trees were planted later. 

The mass sliding down the bank is the poplar and herbaceous material which formed the 
crust. Roots were measured on both Carolina poplar and black locust which reached down 
into the sand for one hundred feet. 


seventy-five and fifty feet, respectively. When four or five belts have 
thus been established, enough shelter should have been provided for the 
open strips between belts numbers one and two and between numbers two 
and three, so that these may be sown to rye and grass, sweet clover, or 
any perennial capable of making some growth in this kind of soil. In 
many cases where severe blows are cutting away old dunes, as well as 
carrying fresh sand from the water, it will require many years of annual 
work to reclaim the land. The flat or more level portions between the 
water and the top of the dune must first be covered with forest growth, 
thus cutting off the supply of fresh sand, and breaking the sweep of the 
wind. As the higher portion of the blow is reached, where cutting away 
of the old dune is going on, recourse will again be necessary to the use 
of willows and poplars which must be underlaid thoroughly with dead 
cover. The windward edges of these cuts must always be the first ones 
treated. Once the shelter belts are carried and established to the top 
of the dune, a return is made to the grass covered areas between the 
breaks or barriers. Here good forest trees of many varieties may be 
planted. Choice of species depends entirely upon the object of the owner 
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and possible future utilization. In many places nut trees can be handled 
to advantage where heavier soils are found underlying the sand. In 
some blows, orchards might be maintained on the strips between the 
barriers, It seldom is advisable to use annual crops upon these strips. 
Once established a tree canopy should always exist. When a break 
occurs through the opening of a gap in a barrier, for road or street, 
the soil exposed should be paved or sodded to prevent excavation by the 
wind. The later management of the forest must be by a conservative 
selection removal of individual trees and never by -clear cutting. 
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Fig. 15. Diagram of Shelter Belt Method. 
a. Barrier of rubbish and waste. 
b. Beach grass planting. 
e. Willow cuttings. 
d. Poplar cuttings, or rooted sets. 
e. Conifer planting. 
f. Contour lines. 


ENTIRE COVER METHOD. 


This system of dune reclamation is applicable either where immediate 
cover is required, where future values justify the expense of immediate 
and heavy planting, or where sufficient funds are available for the com- 
pletion of the work. In some cases extensive areas of valuable property 
are in the immediate path of a rapidly traveling dune. Fig. 12 shows a 
cemetery lying in the path of an interior blow, reclamation of which 
might justify the expenditure of large sums for quick control. On 
smaller dunes this method is especially applicable, as where a city or 
town may be the unit doing the control work. Municipal organizations 
are usually in a position to purchase such areas if they are held by pri- 
yate parties who refuse to control them. Such steps seem advisable, 
since, when once under control these areas become valuable park or 
municipal forests. The planting of such areas would best be done by 
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the Entire Cover System since results are desired quickly. Another 
class of ownership which would use this system of reclamation is the 
investor in summer resort properties. Holdings of sand dune blows and 
barrens are made especially attractive as sites for summer colonies 
when covered with forest. Thousands of acres of shifting sand along the 
shore of Lake Michigan may be eventually converted into summer home 
sites, by the expenditure of money in systematic cover planting for sand 
control. 

The Entire Cover Method is a complete covering of the sand in a 
single season. For convenience in carrying on the work it is best 


_ Fig. 16. The valuable work of beach grass. This mound of sand was very securely 
tied down by the roots of this grass. No other plant could possibly gain a footing so 
rapidly nor resist the wind action so effectively. 


handled in three operations, first, grass planting; second, willow belt 
planting, and dead cover. The labor under this system is divided into 
three squads or crews numbered for convenience A, B and C. Squad A 
should be assigned to grass planting work entirely. Considerable skill 
in setting the plants is soon acquired. The size of the crews will vary 
with the lateness of the season. Ordinarily ten men make a good plant- 
ing unit for one foreman to handle. Squads B and C with their fore- 
men are assigned to the collection of grass plants. If the distance is 
not too great, say a mile or two between the planting site and the source 
of material, the two squads will secure, transport, and “heel in” plants 
enough during the first week to keep squad A planting steadily for about 
three weeks. Beginning with the second week, squad B is assigned to 
planting the willow cuttings in belts as shown in Fig. 15. At this time 
squad © begins the collection and hauling of dead cover material which 
may be piled up at convenient points near the planting. Then squad 
C begins the planting of the poplar and conifer stock about ten days 
after squad A began. The trees are planted in rows five feet apart, un- 
less the blow is very severe, then a four foot spacing is preferable, alter- 
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nating Carolina poplar with conifers. The conifers should be so set 
that they stagger in the succeeding rows in order to furnish greater ob- 
struction to the wind. Toward the last of the planting a few men may 
be taken from squad B to distribute and spread the dead cover. 

Except on very severe blows the dead cover need not be spread uni- 
formly over the whole area, but applied in strips at right angles to the 
direction of the prevailing wind. These strips may be from ten to 
twenty feet wide with intervals between of twice this width. Usually 
about one-third of the area should be covered. Where both fine and 


Fig. 17. A paper birch alone and unprotected on the face of a dune. This tree stands on 
a mound of sand eight feet high and twenty feet across. The roots held the mound while the 
sand around the mound was swept away. A valuable tree to encourage because of the sand 
holding power of its root system. 


coarse materials are available, the coatings alternate with coarse, fine, 
coarse, fine, etc. Grass, marsh hay, straw and other light materials 
that are liable to be moved by the wind may be held in place by brush. 
Where well rotted sawdust is available it may be used alternately with 
strips of grass or straw and brush. Sawdust cannot be used alone as it 
dries out and blows readily. In some cases, when the season is damp 
and there is plenty of moisture at the surface, a broad-cast sowing of 
rye or oats may serve to help bind the dead cover and protect the planted 
grass. The success of this expedient will depend entirely upon frequent 
rains to insure the germination of the rye, however. 
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CONCLUSIONS. 


There are two general plans of operation in the work of sand control. 
The Shelter Belt or Barrier System is suitable to private owners. It may 
be so managed as to enable the man of limited means to systematically do 
a portion of the work each year until the whole blow area is under per-: 
manent forest cover. The Entire Cover system calls for heavy expenditure 
in labor and materials but has as its aim the completion of the work 
over the whole area in a single season. 

In this system the need of a provision for follow up or repair work 
must be made. 


Fig. 18. The crust of this dune was formed by marram and other herbaceous growth. 
The poplar and locust roots completely penetrated the body of the dune. Notice the very 
persistent crust at the top of the dune. The temporary cover was a success in completely 
holding the sand. 


Sand along the Michigan shores can be controlled if proper meth- 
ods are applied. Certain plants are admirably adapted for use in estab- 
lishing a “crust” in which other forms of tree growth must be planted 
to insure permanent forest cover. 

By waiting for planted belts to grow into high shelters, certain ad- 
jacent belts in the lee may be utilized by the growth of certain forest 
crops, or orchards, but never by annual crops. — 

Studies of planting done from ten to twenty years ago point out the 
imperative need of establishing and maintaining a solid cover on the 
windward slopes of all blows. 

Planting must begin on the windward side of a blow with the estab- 
lishment of a facing of low forms that are capable of withstanding the 
rough treatment to which they will be subjected. 

In all dune formations where the sand is cast up by water a control 
shelter of hardy shrubs must be set as close as possible to the winter line 
of high water and ice. An artificial barrier of drift material and wood 
forms a splendid protection and justifies considerable expense to 
establish it. 
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Fig. 19. A break in the surface of an established and wooded dune due to construction 
of a trail. This started the sand to traveling through the timber until it filled a ravine 
and buried a foot bridge. A bad traveling dune was soon formed. 
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Fig. 20. A dense mass of mixed hardwood and conifer growth of fifteen years at Frank- 
fort on the dune property of H. A. Lewis. Such a cover becomes a splendid insurance against 
sand blow damage and materially increases the value of the land. 


Fig. 21. In many places the beach presents a half naked condition varying in width from 
ten to eighty rods between the high water mark and the foot of the established dune. There 
is plenty of space on such areas for the planting of heavy foliaged conifers which will 
strengthen the protective cover of the dune and produce valuable timber. 
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Fig. 22. A fine growth of Scotch pine at Pier Cove, Michigan. This pine is not generally 
as desirable for sand planting as either White or Norway. It is brittle and when loaded 
with ice or snow suffers heavily from breakage. It grows quickly on light sands however, 
and is a fairly good tree for sand work. 
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EXPERIMENTS ON THE CONTROL OF THE ROOT-KNOT 
NEMATODE.* 


Technical Bulletin No. 20. 


BY J. A. MC CLINTOCK, 


Agent B. P. I. in charge of Ginseng disease Investigation of Michigan. 


The root-knot nematode, Heterodera sadicicola, (Greef) Miiller, has 
proven to be a serious pest of many crops in the southern states, and in 
some of the western states it has caused considerable trouble on potatoes 
and sugar beets. In many of the northern states, this nematode has 
caused serious trouble on greenhouse crops and on such intensive garden 
crops as ginseng. 

The life history of this parasite has been worked upon by (1) Atkin- 
sony, (6) Stone & Smith, (2) Bessey, (8 and 4) Cobb, and control meas- 
ures have been worked out for greenhouse conditions by Stone & Smith; 
while Bessey and (5) Rolfs have recommended rotations that tend to keep 
the root-knot nematode more or less under control in certain field 
crops. Much still remained to be worked out in the way of control 
measures for intensive crops like truck crops, ginseng, golden seal, etc. 


For an account of the complete life history of the root-knot nematode 
see Bessey (2). Briefly it is as follows: 


In about twenty-five days after the female enters a root, she has 
reached sexual maturity and begun to lay eggs. These eggs which are 
85-98 microns in length by 34-40 microns in thickness, are surrounded, 
as laid, by a gelatinous substance which holds them together in a mass. 
In the case of firm, woody tissues, the eggs seldom reach the surface of 
the knot, but produce numerous larvye which make their way to the sur- 
face and enter new roots. Where the root-knot is in softer tissues, as 
those of various herbaceous plants, the eggs are often forced through the 
tissues and cling in small masses to the surface of the knot. The num- 
ber of eggs laid by a single female varies somewhat, but counts seem to 
show that it is between four and five hundred. In all cases where the 
number of eggs used in experiments is recorded, it is on the basis of four 
hundred eggs per egg mass, so in most cases the number of eggs treated 
probably ran over rather than under the number recorded. Under favor- 
able conditions, the eggs probably begin to hatch within a few days. 
after being laid, thus making the complete life cycle about thirty days 
under favorable conditions. 


*The work upon which this paper is based was carried on under a cooperative agreement between 
the Bureau of Plant Industry and the Michigan Experiment Station, and in somewhat different form 
was accepted as a thesis for the degree of Master of Science in the Department of Plant Pathology, 
University of Wisconsin. . 

+The number with the author’s name refers to the number of the article referred to as 
listed in the bibliography at the close of this paper. 
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FIELD EXPERIMENTS CONDUCTED IN MICHIGAN IN 1915. 


As the chief work assigned to the author in Michigan was that of ex- 
periments on the control of the root-knot disease of ginseng, it was neces- 
sary to make a general survey of the various ginseng growing sections 
of the state, in order to select a suitable place for establishing a field 
laboratory. It was finally decided that a large garden located at 
Muskegon, Michigan, afforded the best opportunity for carrying on field 
experiments so the field laboratory was located there. 


In order to exclude, as far as possible, any factors which might lead 
to errors in the results, it was decided that the plots used for experi- 
ments should be separated from the remaining soil. To accomplish this 
the plots of soil, seven by ten feet in extent, were enclosed with galvaniz- 
ed sheet iron thirty-six inches in width. The iron was set into the soil 
thirty inches, leaving six inches projecting above the surface to keep 
any surface soil from being washed into the plots after the experiments 
were started. The observation of nematodes three feet down in the soil 
has been recorded by Bessey (2) but the difficulty of obtaining iron 
more than thirty-six inches wide was so great as to preclude our plac- 
ing it more than thirty inches in the soil. The edges, where the sheets 
of iron came together, were bent, interlocked and pounded tightly to- 
gether to prevent the passage of anything at such places. To exclude 
_the possibility of soil being carried onto the plots, by various animals 
passing through the garden, each plot was enclosed above ground 
with a three foot fense of chicken-wire netting, which came down so as 
to overlap the six inches of sheet iron above ground. 


The plots, seven in number, were alternated with two foot paths, so as 
to cover the greater part of a strip of soil fourteen feet wide and seventy 
feet long. Two beds of badly nematode infested ginseng roots had been 
removed from this soil the fall previous, and no crop had been on the 
ground since. The soil, throughout the whole garden, is a loose, sandy 
loam, very highly fertilized with barnyard manure, making it an ideal 
place for the rapid multiplication and spread of the root-knot nematode. 

Although the experiments of previous workers with chemical treat- 
ments of the soil for the eradication of Heterodera radicicola had given 
chiefly negative results, it was decided that a series of such treatments 
should be made to test the relative value of various chemicals, with the 


possibility of finding one that would be both effective and practical of 
application. 


CARBON BISULPHIDE TREATMENT. 


As previous experiments by Bessey (2) had shown carbon _bisul- 
phide to be successful under field conditions, it was decided that one 
plot should be treated with this chemical exactly as recommended. On 
the afternoon of May 10, 1913, plot I was treated with carbon bisulphide 
as follows:—Holes were made in the soil at intervals of six to twelve 
inches, and varying in depth from six to eighteen inches. Liquid carbon 
bisulphide was poured into the holes at the rate of four ounces per 
square yard of soil, and the holes quickly plugged up by packing soil 
into them. Within half an hour after the treatment was made the air, 
in the vicinity of the plot, had a very strong odor of carbon bisulphide, 
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and the odor was still quite noticeable the next morning after the treat- 
ment. From this it was concluded that the vapor had been passing up 
through the soil and out into the air for a period of about eighteen hours. 
Lettuce, tomato and cucumber plants are among those most readily at- 
tacked by the root-knot nematode; therefore, it was decided to use these 
plants to determine whether or not the soil treatments had eradicated 
the pest. May 14, 1913, lettuce seeds were planted in the carbon bi- 
sulphide treated plot, and also in the untreated soil about the plot to 
serve as a check on the treatment. May 31, 1913, the seeds planted May 
14th had not produced many plants so the plot was replanted with let- 
tuce, tomato and cucumber seeds. June 16, 1915, some of the larger 
lettuce plants were dug from the plot and their roots found to be some- 
what affected with nematodes as shown by the small knots on them. 
Check plants dug from the soil outside of the plot were more seriously 
affected than those from the treated plot, thus showing that the nema- 
todes had been reduced in numbers, but not eradicated by this carbon 
bisulphide treatment. 

June 30, 1913, the rest of the plants were dug from the treated soil 
and the roots were found to be abundantly covered with knots, showing 
that the nematodes were increasing in numbers in the treated soil. 
August 16, 1918, this plot was retreated with carbon bisulphide as be- 
fore, except that the surface of the soil was sprinkled with water and 
covered with burlap sacks, after the treatment, in an effort to keep the 
carbon bisulphide yapor from passing so rapidly from the soil out into 
the air. August 18th the sacks were removed from the surface of the 
plot and lettuce seed was planted in the treated soil. September 8th some 
of the Jettuce plants were dug and examined but no knots were found on 
the roots. It was impossible to get further data on this plot during the 
rest of the season. In the summer of 1914 the author examined lettuce 
and cow pea plants from this plot and found nematodes on their roots. 


TOBACCO STEM TREATMENT. 


The second plot was treated with tobacco stems. A wagon load of 
tobacco stems was collected from various cigar factories and taken to 
the garden. May 12, 1913, a layer of these stems over six inches in thick- 
ness was spread over all the soil of plot Il. May 14, 1915, the stems were 
wet down with water. May 31, 1913, the layer of tobacco stems was removed 
from the plot and lettuce, tomato and cucumber seeds were planted in 
the treated soil, and also in the untreated soil outside the plot. June 
16th some of the plants were dug from the treated soil and examined 
but no knots were found on the roots. June 30th lettuce, tomato and 
cucumber plants were dug from the treated soil and examined but no 
knots were found on their roots. August 11th, the author dug up lettuce, 
tomato and cucumber plants from the treated soil and found some small 
knots on their roots, showing that the nematodes had been reduced in 
numbers for a time, but not eradicated. The writer does not feel that 
such a treatment can be depended upon to give the desired results. 
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SULPHURIC ACID TREATMENT. 


August 14, 1913, all of the remaining plants were dug from the second 
plot. The soil was then treated with a solution of one part of commer- 
cial sulphuric acid to eighty-five parts of water, using one-half gallon 
of this solution per square foot of soil. August 18th lettuce seed was 
planted in the treated soil. September 8th lettuce plants were dug from 
the plot and examined, but no knots were found on the roots. It was 
not possible to get further data on this plot during the rest of the sea- 
son, but in the light of experiments performed later in the laboratory 
at the University of Wisconsin, it is probable that the sulphuric acid 
treatment did not eradicate the nematodes from the treated soil. In the 
summer of 1914 the writer examined plants from this plot and found 
root-knots on them. 


FORMALDEHYDE TREATMENTS. 


It was decided that the third plot should be treated with formaldehyde. 
In 1912 some preliminary experiments along this line were started. = Dur- 
ing April, 1913, we had an opportunity of seeing the results of these soil 
treatments with a solution of one part of 40% formaldehyde to fifty 
parts of water. These treatments had not been successful in eradicat- 
ing the nematodes from the treated soil; so we decided to double the 
strength by using 1-25 formaldehyde (1 part of 40% formaldehyde to 25 
parts of water). May 12, 1913, plot III was treated with a 1-25 solu- 
tion of formaldehyde, using one gallon to a square foot of soil. May 14th 
lettuce and cucumber seeds were planted in the treated soil to see if 
they would germinate and grow before the soil was free from formalde- 
hyde gas. ” May 31st no lettuce or cucumber plants had come up from the 
seeds planted May 14th, so the plot was planted with lettuce, cucumber 
and tomato seeds. June 16, 1918, some of the plants were dug and examin- 
ed, but no knots were found on the roots. June 30th, the author examined 
lettuce, tomato and cucumbers plants, but found no knots on their roots. 
August 11th, he dug up and examined lettuce, tomato and cucumber plants 
and found some small knots on their roots. This showed that the treat- 
ment with 1-25 formaldehyde had greatly reduced, for a time, the num- 
ber of nematodes in the soil, but had not eradicated them. 

August 13, 1913, the writer dug up all of the remaining plants from 
Plot III, respaded the soil, and then raked it so as to note and remove as 
far as possible, any pieces of roots which had been broken from the plants 
in digging. The soil was then retreated with a formaldehyde so- 
lution made up at the rate of one gallon of 40% formaldehyde to sixteen 
gallons of water, and applied at the rate of about one gallon of solution 
to a square foot of soil. August 14, 1913, lettuce seed was planted on this 
plot to see if it would grow before the formaldehy de gas was out of the 
soil. September 3, 1913, no lettuce plants had developed from the 
seed planted August 14th; so the plot was replanted with lettuce seed. 
September 8, 1913, no plants were up. No further data could be taken on 
this treatment during the rest of the season; therefore, we came to no 
definite conclusion relative to the value of this treatment. During the 
summer of 1914 plants from this plot were examined and nematodes 
found in the roots. 
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NAPHTHALINE TREATMENT. 


As naphthaline was known to be more or less of a repellant to certain 
insects, it was suggested that it be given a trial. The original intention 
was to mix flake naphthaline with the soil. As it was not possible to 
obtain naphthaline in the flake form at the time it was desired to start the 
experiment, it was necessary to use it in the form of small balls, com- 
monly called “moth balls.” May 15, 1913, plot IV was treated as fol- 
lows:—Holes were made in the soil at intervals of eight inches to one 
foot, and varying from six to twelve inches in depth. One or two naphtha- 
line balls were dropped into each hole and the mouths of the holes then 
closed with soil packed into them. About one and one-half pounds of 
moth balls were used on the plot. May 31, 1913, the writer planted toma- 
to and cucumber seeds in the naphthaline treated soil. June 16, 1913, 
some of the plants were dug and examined and found free from root- 
knots. June 30, 1913, the author examined tomato and cucumber plants 
from plot IV and found knots on their roots. This proved that the 
naphthaline treatment applied would not control the root-knot nematode. 


AMMONIA TREATMENT. 


May 15, 1913, plot V was prepared for treatment as in plot IV, by mak- 
ing holes in the soil with a brass dibble. A small amount of 28% 
ammonia was poured into each hole, and then the holes were quickly 
plugged with soil. The ammonia gas soon penetrated the soil and gave 
the air in the vicinity of the plot a very strong odor. About three pounds 
of ammonia were used on this seven by ten foot plot. May 31, 1913, let- 
tuce, tomato, and cucumber seeds were planted in the treated soil. June 
16, 1913, some of the plants were dug up and knots found on their roots. 
This would seem to show that such an ammonia treatment had no effect 
on the nematodes in the treated soil. Later on in the season this plot 
was used for starting an experiment with ginseng roots apparently 
resistant to nematodes. 


“BLACK LEAF 40” TREATMENT. 


It had been intended to make this and the following treatment at the 
same time the others were made, but they were delayed because we could 
not get the “Black Leaf 40” and the tobacco dust at that time. “Black 
Leaf 40,” a commercial nicotine product made by the Kentucky Tobacco 
Products Company, has proven quite efficient as an insecticide for cer- 
tain types of insects. As a result of its success as an insecticide, it was 
suggested for nematodes. Directions on the sealed can recommended the 
use of a one-half pound can of this concentrated nicotine product to 
thirty-four gallons of water, for all ordinary insects. This dilution was 
supposed to give not less than seven hundredths of one per cent nicotine. 
May 31, 1913, plot VI was treated with “Black Leaf 40” solution made 
up according to directions, and applied to the soil at the rate of one gal- 
lon per square foot. June 2, 1913, the writer planted lettuce, tomato and 
cucumber seeds in the treated soil. June 30, 1913, he dug up and examin- 
ed lettuce and tomato plants from plot VI and found knots on their 
roots, thus showing that such a dilution of “Black Leaf 40” would not 
control root-knot nematodes. 
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TOBACCO DUST TREATMENT. 


Tobacco dust, made by grinding tobacco stems into a fine powder, has 
proven quite efficient as an insecticide; so it was determined that it 
should be given a trial. June 2, 1913, twenty-five pounds of tobacco dust 
were spread over the surface of the soil in plot VII, and thoroughly 
raked into the soil. The plot was then thoroughly soaked with water. 
Later on in the day, lettuce and tomato seeds were planted in this plot. 
June 30, 1913, the author dug up and examined some of the plants from 
plot VII and found a few small knots on their roots. August 11, 1913, he 
examined plants from plot VII and found knots on their roots. This 
would seem to show that such an application of tobacco dust as was 
used, would not eradicate this nematode. 


KEROSENE TREATMENT. 


August 11, 1913, all the plants from plot VI were dug up and the soil 
then treated with commercial kerosene, using ten gallons on the seven by 
ten foot plot. August 14, 1913,lettuce seed was planted in this plot. Septem- 
ber 3, 1913, no plants had come up from the seed planted August 14th, so 
the plot was replanted with lettuce. September 8, 1913, no piants were 
up in this plot. No further data could be obtained on this treatment 
during the fall, so no conclusions could be drawn at that time. Plants 
from this plot were examined during the summer of 1914 and root-knots 
were found on them. 


GASOLINE TREATMENT. 


August 11, 1913, the writer dug up and removed the rest of the plants 
from plot VII. The plot was then divided, by setting a sheet of galvanized 
iron thirty-six inches wide, into the soil eighteen inches. This gave two 
plots five by seven feet in area. One of the plots was treated with com- 
mercial gasoline, by sprinkling one gallon over the surface of the soil. 
The other plot was treated in a similar manner except that three gallons 
of gasoline were used instead of one. August 14, 1913, lettuce seed was 
planted in both plots. September 8, 1913, the writer dug up and examined 
lettuce plants from both of the gasoline treated plots and found many 
knots on their roots. The heavy gasoline treatment appeared to have no 
advantage over the light treatment, and neither seemed to inhibit the de- 
velopment of the nematodes seriously. 


SUMMARY OF THE RESULTS OF THE FIELD TREATMENTS. 


In all of the foregoing experiments the knots found on the roots of 
plants grown in the treated soils, were examined and dissected under a 
microscope to make sure of their true cause. In each case where com- 
plete data were obtainable they pointed to the conclusion that the treat- 
ment used could not be depended upon to eradicate the root-knot nema. 
todes from the treated soil. In some cases the treatment succeeded in 
materially reducing the number of nematodes present in the soil, as 
shown by the longer periods that the plants grew in some plots before 
showing any knots on the roots. Treatments such as carbon bisulphide, 
tobacco stems or strong formaldehyde solution, which greatly reduce the 
number of nematodes in the soil for a month or so, might be of practical 
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value in the case of some rapidly growing crop, which could be matured 
and removed before the nematodes again became numerous enough to 
materially injure the plants. In the case of a slow growing crop like 
ginseng, which remains in the soil from four to six years, any treatment 
which falls short of complete eradication is worthless, because a few 
nematodes left in the soil would completely restock it with their kind. 
In the course of a year or two they would be as serious as they were be- 
fore the treatment was applied. In the light of these experiments, no 
chemical used could be recommended for the control of root-knot nema- 
todes; furthermore, no exact explanation could be given as to just why 
the treatments did not eradicate the pest. 


THEORIES AS TO THE FAILURE OF THE FIELD TREATMENTS. 


Various theories to explain the failure of the treatments were formu- 
lated, but none of them were backed by experimental data. It was 
thought possible that occasional nematodes more resistant than the aver- 
age, were able to withstand the adverse conditions and that these resist- 
ant ones in time succeeded in restocking the soil, when conditions again 
became favorable for their growth and reproduction. A second theory 
was that nematodes deep down in the soil, where the treatments ex-. 
erted little or no influence, came up and repopulated the treated soil 
after the effects of the treatments had sufficiently diminished. Another 
possibility was that the nematode eggs in the soil were of such a nature 
that they were able to resist the adverse conditions and remain dormant 
until favorable conditions allowed the young to come out into suitable 
environment for their development. As the second of the above theories 
did not appear to be of a nature to lend itself readily to investigation 
in the laboratory, it was decided to turn attention to the other two in 
an effort to determine what relation they might have to the failure of the 
soil treatments. 


LABORATORY. EXPERIMENTS AT MADISON, WISCONSIN. 


Karly in October 1918, the experiments at the field laboratory were 
closed for the season, and laboratory work on various phases of the sub- 
ject was begun in the greenhouses and laboratories of the Department 
of Plant Pathology of the University of Wisconsin. For some little time 
after arriving at Wisconsin, efforts were confined to fitting up experi- 
ments in the greenhouses, and to getting susceptible plants started so 
that there might be an abundant supply of nematodes to draw from for 
laboratory work. Considerable time was spent in various forms of 
laboratory experiments before suitable technique was worked out. An 
effort was made to get larvae free from the plant tissues by externally 
sterilizing knots from lettuce roots, and then placing them on plates of 
sterile agar, In no case did the writer succeed in obtaining any larvae 
free from the knots in this way. Failing in the above method, attempts 
were made to get the larvae by dissecting quantities of root-knots from 
lettuce and other plants. It was impossible in this way to get the larvae 
in sufficient numbers for the treatments it was desired to make. 

Next was tried removing the roundish, pearly white female nematodes 
from small knots on the roots of various plants. It was thought that 
these females might produce eggs and larvae after being transferred to 
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plates of agar. In most cases these females were not mature. When 
transferred to the plates of agar, they were soon overrun with colonies 
of bacteria and fungi, so that their development could not be followed. 
To avoid this contamination, it was tried treating the female nematodes 
as taken from the roots in various chemicals before transferring them to 
the plates of agar. Although in some cases they remained free from con- 
tamination after being transferred, in no case was success attained in 
getting larve in this way. Either their removal from the roots or the 
subsequent chemical treatments stopped the development of the female 
nematodes so that they never produced mature eggs. 

The next effort was to obtain larvae by dissecting out mature or egg- 
laying females and egg masses from the older knots on the roots of 
various plants. Along with these females and egg masses were always 
some larvae that had hatched out within the knots from the first eggs 
laid by the females. Quantities of the egg masses from the root-knots 
were treated with various strengths of chemicals and then transferred to 
plates of agar. It was observed that the active larvae associated with 
the egg masses soon died when placed with the egg masses in the chemi- 
cals for external disinfection. This observation caused the writer to 
doubt the importance of our first theory; viz. that occasional larvae re- 
sisted the chemical treatments applied to the soil. The more observa- 
tions that were made along this line, noting the apparent ease with 
which the larvae succumbed to weak chemicals, the more the writer was 
forced to the conclusion that the above mentioned theory was probably 
not the important factor in the failure of the strong chemical, soil 
treatments. 

Other observations made about this time appeared to give more sup- 
port to the theory that the mature eggs were the resistant stage. It 
was noted that in a few days after disinfecting mature females and egg 
masses, active larvae began to appear on the agar plates. As it was 
quite certain that no larvae had gone through the treatments alive, it 
was concluded that those found on the plates were larvae that had 
hatched from treated eggs. As a result of these observations, it was 
decided to discontinue for the time being, the efforts to determine the 
relative resistance of nematodes in the larval state, and to take up the 
egg resistance theory. 

The first experiment which gave a possible explanation for the failure 
of the field experiments was begun December 23, 1913. A large quantity 
of mature female nematodes and egg masses was dissected from large 
knots on Primula roots and divided into seven lots of about an equal 
number of eggs. After being treated with the chemicals, the different 
lots were transferred to plates of sugar beet agar. 

1. Placed the first lot in a solution made of one part of “Black Leaf 
40” to 272 parts of water. This gave the same dilution as used in the 
field experimends. 

2. Placed the second lot in full strength “Black Leaf 40” for a few 
minutes. 

3. Placed the third lot in 1-1000 Hg Cl, for a few minutes. 

4. Placed the fourth lot in 1-100 commercial 40% formaldehyde for 
a few minutes. 

5. Placed the fifth lot in 1-10 solution of 40% formaldehyde for a 
few minutes. 
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6. Placed the sixth lot in pure liquid carbon bisulphide for a few 
minutes. 

7. Exposed the seventh lot to carbon bisulphide vapor, over the mouth 
of a bottle of liquid carbon bisulphide, until all the active larvae were 
killed. All of these treatments were made between 3:00 and 5:00 P. M., 
December 23, 1913. The results of the treatments are given in table I. 


TABLE I.—ACTIVE LARVAE OBSERVED. 


Treatment made Dec. 23, 1913. Dee. 24. Dec. 25. Dec. 26. Dec. 27. Dec. 28. Dee. 31. 


| 
1. “Black Leaf 40” 1-272............ | Twenty ;| Abundant | Abundant | Abundant | Abundant Active 
2. “Black Leaf 40” full strength...... None Four One Two | Active Active 
Se oOlev=1 000 tae acticin None None | None None | None None 
4, Formaldehyde 1-100............... None None | None None | None None 
5. Formaldehyde 1-10................ None None None None None None 
6. Carbon bisulph. liquid............. Three One | None One Active Active 
7. Carbon bisulph. vapor............. None One Two Two Active Active 


January 2, 1914, the plates used above were all cleaned up. As the 
only means of detecting the presence of active larvae on the plates was 
by examining them under a microscope, it proved to be a rather difficult 
thing to locate all of the larvae after they had crawled away from the 
ege masses. Although the results of this experiment were not entirely 
conclusive either for or against the theory, it was decided to continue 
the work for the purpose of collecting data before coming to any definite 
conclusion. 


EXPERIMENT II.—FORMALDEHYDE 1-100. 


cry Tee ey 
January 7, 1914, the writer dissected out about thirty egg masses from 
knots on Primula roots, and placed them in 1-100 solution of 40% for- 
maldehyde for one and one-half hours, and then transferred them while 
still wet to a plate of potato agar. The results of this treatment are 
given in Table II. 


TABLE II.—ACTIVE LARVAE OBSERVED. 


Treatment Jan. 7, 1914. Jan. 8. Jan. 9. Jan. 10. Jan. 12. | Jan. 14. Jan. 19. Jan. 23. 


ee ee es | ee 


Formaldehyde 1-100..... None None One Four 


EXPERIMENT III.—FORMALDEHYDE 1-100 AND 1-10. 


January 24, 1914, a large number of egg masses were dissected out © 
and divided into two lots. Placed the first lot in 1-100 soltuion of 40% 
formaldehyde for ten minutes and then transferred it, while still wet, to 
a plate of potato agar. Placed the second lot in 1-10 solution of 40% 
formaldehyde for ten minutes and then, while still wet, transferred it to 


a plate of potato agar. The results of this experiment are given in 
Table ITT. 
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TABLE III.—ACTIVE LARVAE OBSERVED. 


Treatment Jan. 24, 1914. Jan. 26. Jan. 27. Jan. 28. Jan. 29. | Jan. 30. Feb. 2 Feb. 7 
Formaldehyde 1-100..... None None None None None None None 
Formaldehyde 1-10...... None None None None None None None 


EXPERIMENT IY. 


January 26, 1914, dissected out a very large number of egg masses and 
divided them into eight lots. After treatment each lot was transferred 
to a plate of potato agar. 

1. Treated the first lot in 8% hydrogen peroxide for 10 minutes. 

2. Treated the second lot in 1-100 solution of 40% formaldehyde 
for 10 minutes. 

3. Treated the third lot in 1-10 solution of 40% formaldehyde for 3 
minutes. 

4, Treated the fourth lot in 40% formaldehyde for 10 minutes. 

5. Treated the fifth lot in 1-1000 HgCl, for 10 minutes. 

6. Treated the sixth lot in saturated solution of-HgCl, for a few 
minutes. 

7. Treated the seventh lot in 20% copper sulphate for 30 minutes. 

8. Treated the eighth lot in carbon bisulphide vapor for 114 hours. 


TABLE IV.—ACTIVE LARVAE OBSERVED. 


— = — 


SOI BTR 99 BOP 


Treatment Jan. 26, 1914. Jan. 27. | Jan. 28. | Jan. 29. | Jan. 30. | Jan. 31. | Feb. 1. | Feb. 3. | Feb. 4. | Feb. 5. 
PEMCTOXIGE OD Vomisis sek mitotic ties 15 | Abund. | Abund. | Abund. | Abund. | Abund. | Abund. | Abund. | Abund. 
Formaldehyde 1-100............. None None None None None None None None None 
Formaldehyde 1-10.............. None None None None None None None None None 
pomadehyde BOT aston sees Goce None | None |} None None | None | None | None} None None 
Hela tt000% peak ane te tescon None None None | - One One One One One One 
. HgCle oe Sel LE Sn aoe ie ans ae Fe None None None None None None None None None 
5 AOU OPAL aS Aes A ey pene ed None None None None None None None None None 
Carbon bisulphide.............. None None None None None None None None None 


EXPERIMENT Y. 


February 2, 1914, dissected out a large number of egg masses from 
knots on tomato roots and divided them into-eight lots. After treat- 
ment each lot was transferred to a plate of lima bean agar. 

1. Treated the first lot in 3% hydrogen peroxide for 30 minutes. 

2. Treated the second lot in 1-100 solution of 40% formaldehyde for 
15 minutes. 

3. Treated the third lot in 1-10 solution of 40% formaldehyde for 15 
minutes. 

4. Treated the fourth lot in 40% formaldehyde, full strength for 15 
minutes. 

5. Treated the fifth lot in 1-1000 Hg Cl, for 15 minutes. 

6. Treated the sixth lot in a saturated solution of Hg Cl, for 30 
minutes. 

7. Treated the seventh lot in 20% copper sulphate for forty-five 
minutes. 
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8. Treated the eighth lot in carbon bisulphide vapor for 17 hours. 
The results of this experiment are given in Table V. 


TABLE V.—ACTIVE LARVAE OBSERVED. 


——— — _ ~ — —— 


Treatment Feb. 2, 1914. | Feb. 3. Feb. 4. Feb. 5. Feb. 6. Feb. 7. Feb. 9. Feb. 10. 
1. Peroxide'3%........:. 7 70 Many Many Many Quiet | Appeared dead 
2. Formaldehyde 1-100. . None 1 4 21 Abundant Abundant Abundant 
3. Formaldehyde 1-10... None None None | None None None None 
4. Formaldehyde 40%. . None None None None None None None 
5. HegCle 1-1000........ | 1 1 1a 1 1 None ; None 
6. HgClesat.sol....... None None None | None None None None 
fee CUNOR INI Soe .- Sens None 2 2 7 Abundant Quiet | Appeared dead 
8. Carbon bisul. vapor. None None None None None None None 


February 10, 1914, all of the plates of the above series were cleaned 
up except the 1-100 solution of 40% formaldehyde. This plate was ob- 
served from time to time to see how long the larvae would remain alive. 
March 30, 1914, active larvae were observed. 


EXPERIMENT VI. 


February 28, 1914, dissected out many egg masses and divided them 
into four lots. After treatment, each lot was transferred to a plate of 
potato agar, and the plates sealed shut with paraffin. 

1. Treated the first lot by rinsing it in boiled tap water. 

2. Treated the second lot in 1-100 solution of 40% formaldehyde for 
3 minutes. 

3. Treated the third lot in 1-25 solution of 40% formaldehyde for 3 
minutes. 

4. Treated the fourth lot in 1-10 solution of 40% formaldehyde for 3 
minutes. The results of these experiments are given in Table VI. 


TABLE VI.—ACTIVE LARVAE OBSERVED. 


Treatment Feb. 28, 1914. March 1. March 2. March 3. March 4. March 5. 
1 Boiled iwatens sj. s sesc.sciser Larvae present | Larvae present Larvae present | Larvae present Larvae present 
2. Formaldehyde 1- es ek eae None one one one one 
3. Formaldehyde 1-25........ None None None None None 
4, Formaldehyde 1- 10 Nine rte arate None None None None None 


As the conditions under which these laboratory experiments were be- 
ing conducted differed greatly from those in the field, it was concluded 
that possibly one or more of these factors was influencing the results, 
thus making the laboratory results very inconclusive. Perhaps the most 
obvious difference between the laboratory and the field experiments was 
the surroundings of the nematodes and eggs after treatment. In the field 
experiments the eggs were in the soil where plenty of air and moisture 
could get to them to dilute the various chemicals applied. In the labora- 
tory experiments the eggs were enclosed in petri dishes which tended to 
keep out the air and moisture, and to keep in the volatile chemicals. This - 
was especially true when the plates were sealed with paraffin. If petri 
dishes did act as an important factor in causing the chemicals to in- 
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hibit nematode egg development, it was thought that this influence might 
be even greater if the containing vessel were smaller and more tightly 
sealed. To test this point, we decided to run a series of treatments in 
culture slides instead of petri dishes. 


EXPERIMENT VII. 


March 7, 1914, dissected out a large number of egg masses from infest- 
ed roots and divided them into eleven lots of about 3,000 eggs each. 
After treatment each lot was transferred to a cover glass and sealed down 
over a culture slide. 

1,2 and 38. The first three lots were rinsed in sterile water and served 
as checks on the treatments. 

4. Treated the fourth lot in 3% hydrogen peroxide for a short time. 

5. Treated the fifth lot in 1-100 solution of 40% formaldehyde for a 
short time. 

6. Treated the sixth lot in 1-25 solution of 40% formaldehyde for a 
short time. 

7. Treated the seventh lot in 1-10 solution of 40% formaldehyde for 
a short time. . 

8. Treated the eighth lot in 40% formaldehyde for a short time. 

9. Treated the ninth lot in 1-1000 Hg Cl, for a short time. 

10. Treated the tenth lot in pure liquid carbon bisulphide for a short 
time. 

11. Placed the eleventh lot on a cover-glass and exposed it to carbon 
bisulphide vapor for ten minutes. 

The results of these experiments are given in table VII. 


TABLE VII—ACTIVE LARVAE OBSERVED. 


Treatment March 7, 1914. March 8. March 9. March 10. | March 11. | March 12. March 13. 
AeeISbETNE WALCE Scioto sscioste as ane Very many | Very many | Very many | Very many , Very many | Discontinued 
DPE WALEED aclss aus ee dees Very many | Very many | Very many | Very many | Very many | Discontinued 
ise sterilenwaters:. o2csce lence Very many | Very many | Very many | Very many | Very many Discontinued 
ARAL CLOXICO Opuntia Secret Very many | Very many All quiet Quiet Quiet Discontinued 
5. Formaldehyde 1-100............ 14 None None None None Discontinued 
6. Formaldehyde 1-25............. None None None None None Discontinued 
7. Formaldehyde 1-10............. None None None None None Discontinued 
8. Formaldehyde 40%............ None None None None None Discontinued 
Ore ela, 121 0005s ee essen Very many | Very many | Used fora | culturing ex|periment. 

LO}, Carbon bisull lige. 5. cease eck None None None None None Discontinued 
11. Carbon bisul. vapor............ One None Two None None Discontinucd 


* 


With the exception of the 1-1000 Hg. Cl, treatment, the various chemi- 
cals all produced more or less of an inhibitory effect on the eggs. And, 
even where the eggs did hatch, as in the 1-100 formaldehyde and the 
carbon bisulphide vapor treatment, the larvze soon died. From this 
latter fact, it would appear that chemicals were still present in the sealed 
culture slides to such an extent as to be intolerable to the larvae. The 
large numbers of larvae that hatched from eggs in the check slides would 
seem to show that the chemicals were exerting a great influence. This 
and the previous experiments with closed vessels pointed quite strongly 
toward the surroundings as an important factor in our laboratory ex- 
periments. 

In order to see whether the exception, in the case of the 1-1000 Hg Cl, 
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treatment of our last experiment, was a normal one, it was decided to 
repeat this part of the experiment. 


EXPERIMENT VIII. 


March 9, 1914, dissected out a number of egg masses and placed them 
in 1-1000 Hg Cl, for two minutes. The egg masses were then transferred 
to drops of agar on four cover glasses, and sealed down over four cul. 
ture slides. The results of this experiment are given in Table VIII. 


TABLE VIII—ACTIVE LARVAE FOUND. 


Treatment March 9, 1914. March 10. | March 11. | March 12. | March 13. 
| re se 
He Cle tat 0000 osha aoe cla stevstovers omelet evctebelee etait teteretale ey alee sks Very many | Very many Abundant All quiet 
FIC lasT- 1000 Fh cearss civicreeiotole a tarets easeryertet overs vickaisimretare Totes Very many Abundant Abundant All quiet 
Fi Oo 1-1 000 en tacos. co ann te OE TER ontin omintesi sab cisye Very many Used for c\ulturing expe|riment. 
He Cle =1 G00 Ne cea veer eerie olen rains aterercieioiete oe fais sine viel sterols Very many Used for cjulturing experiment. 


The results of this experiment appeared to verify those of the pre- 
vious experiment, and to show that a short exposure to 1-1000 Hg Cl, 
does not keep the nematode eggs from hatching. 

As it now seemed probable that the various chemicals exerted an in- 
hibitory effect in closed vessels, it was decided that data should next 
be obtained on treatments conducted under conditions more nearly like 
those present in the soil of the field experiments. To accomplish this, the 
egg masses were placed after treatment in tubes of agar, closed only by 
cotton plugs. A synthetic agar medium was prepared by adding one and 
two-tenths per cent of powdered agar and one per cent of glucose to 
Pfeffer’s nutrient plant solution. This on being sterilized and cooled, 
solidified into a solid medium, through which one could easily see. A 
number of tubes of this medium were prepared, using about ten c. ¢. to 
a tube. 

EXPERIMENT IX. 


March 14, 1914, dissected out a large number of egg masses from root- 
knots and divided them into twelve lots. After treatment, each lot was 
transferred to a tube of synthetic agar while it was still wet with the 
solution in which it had been treated. 

1. Placed the first lot in 1-100 solution of 40% formaldehyde for a 
few minutes. 

2. Placed the second lot in 1-25 solution of 40% formaldehyde for a 
few minutes. 

3. Placed the third lot in 1-10 solution of 40% formaldehyde for 
a few minutes. 

4. Placed the fourth lot in full strength 40% formaldehyde for a few 
minutes. - 

5. Placed the fifth lot in 1-500 Hg Cl, for a few minutes. 

6. Placed the sixth lot in 1-200 Hg Cl, for a few minutes. 

7. Placed the seventh lot in 1-100 Hg Cl, for a few minutes. 

8. Placed the eighth lot in full strength “Black Leaf 40” for a short 
time. 

9. Placed the ninth lot in full strength lime-sulfur, 31-32° B., for a 
few minutes. 
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10. Placed the tenth lot in the same lime-sulfur as the ninth lot. 
After being in this solution for a few minutes, the egg masses were 
transferred to a drop of synthetic agar on a cover glass and sealed down 
over a culture slide instead of being placed in a tube of synthetic agar. 

11. Placed the eleventh lot in full strength commercial sulphuric acid 
for a few minutes, and then transferred it to a slide of agar. 

12. Placed the twelfth lot in 1-100 sulphuric acid for a few minutes. 
The results of this experiment are given in Table IX. 


TABLE IX.—ACTIVE LARVAE OBSERVED. 


| 
| Vessel 
Treatment March 14, 1914. | ey Mar. 15.) Mar. 16.| Mar. 17.| Mar. 18.| Mar. 20.| Mar. 22.| Mar. 24. 
| used. 
| | 
: Tube | 
1. Formaldehyde 1-100................ AnD Abund. | Abund. | Abund. | Abund. | Abund. | Abund. Abund. 
ube 
Je hormaldehyde 1-25-5..2+2-..+.06. | 3000 None | Abund. | Abund. | Abund. | Abund. | Abund. | None active 
| Tube Very Very 
3. Formaldehyde 1-10................. aon One | Abund. | Abund. | Abund. | many | many | Very many 
| Tube 
4. Formaldehyde 40%................ | 3000 None None Nonetitee se Two | Abund. Very many 
Tube | Very Very Very Very Very 
pels t-pONF eiseece raccnee Meee 3500 many | many | many |........ many | many Many 
Tube | Very Very Very Very Very 
Hameo Ole l-200 ya toe aestion ee ne aceiere oe me many | many | many |........ MANY |) MANY, |||..- 2% seesece 
| Tube i 
7% PS Ce Es ae eee nndoaanes | 2000 Many | Many | Many )........ Many | Many Many 
| Tube | Very Very Very Very Very 5 
8. “Blk Lf. 40” full strength..........| ae many | many | many |........ many | many | None active 
ube 
9. Lime sul. full strength.............. ora One ! Abund. |........ 1a SN as Abund. fetecbe None active 
Pldae 
10. Lime sul. full strength.............. eon |. None None None None INoned| Soa se: None 
Slide 
Mie SO, tullistrenzth:.. n..c.se5.s > oe None None None None NONE | iaeceee None 
ide 
Op TS ESO ET Use peat ee Se SRO SACS rae 3000 None None None None | None} | eer None 


The results of this experiment as a whole, are so different from those 
of any of the previous tests that one is strengthened in the opinion that 
the containing vessel must have been a factor influencing the results. 
From the table, it will be noted that the treatments which allowed little 
or no hatching were those where sealed slides were used instead of test 
tubes. The lime-sulfur treatments give a good comparison of the dif- 
ference due to the vessel used, because all other conditions were about 
the same. By referring to Experiment IX, it will be seen that the egg 
masses were all subjected to the same treatment with lime-sulfur, and 
then 3,000 eggs were placed in a tube of synthetic agar and 3,000 were 
placed on a drop of synthetic agar and sealed down over a hollow slide. 
Abundant larvae hatched from the eggs in the tube, while none hatched 
from an equal number of eggs in a culture slide. The amount of agar 
used might be considered as an important factor in bringing out the 
difference in the result, but by referring to the earlier experiments, it 
will be seen that where one tube, ten c. c., of agar was spread out over 
a plate, there was about the same inhibitory effect as in the sealed slide 
with one drop of agar. 

This comparison of the type of vessel used was made for the purpose 
of trying to account for the great difference between the results obtained 
in the early experiments and those of later trials. In the early ones was 
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noted a large per cent of inhibition of hatching, while in the later ex- 
periments, there was almost no inhibition from treatments with the same, 
and also with much stronger chemicals. In order to get further data 
on the inhibitory power of sulphuric acid, as compared with the other 
chemicals used, it was decided to repeat this treatment, using tubes of 
agar instead of slides. 


EXPERIMENT X. 


March 16, 1914, dissected out a large number of egg masses and divided 
them into three lots. These lots were treated for a few minutes in 1-100 
H,.SO,, 1-50H,SO,, and 1-25 H.SO,, respectively, and then transferred, 
while still wet, to three tubes of synthetic agar. The results of this 
experiment are recorded in Table X. 


TABLE X.—ACTIVE LARVAE OBSERVED. 


Treatment March 16, 1914. Raat March 17. | March 19. | March 20. 
RS Og Tat ai are eee sea cine ae tee ahelusd dislestes mobs P nee 5000 Abundant Abundant Abundant 
SO SSD ee ett Soko tears prea nicks: cer ea ache cra cieiahe ene Cee 5000 Abundant | Very many Very many 
SO aes ets to aoe c Sa Pas on Serve ele Senora tae ie 5000 | Very many | Very many Very many 


The results of this experiment would seem to show that even quite 
strong sulphuric acid solutions have no more of an inhibiting power 
than the other chemicals used, when the conditions are made the same. 


EXPERIMENT XI. 


This experiment was made for the purpose of determining the rela- 
tive value of carbon bisulphide. March 20, 1914, about twelve thousand 
eggs were dissected out from knots on lettuce, squash and tomato roots, 
and divided into two lots of six thousand eggs each. The first lot was 
placed in pure liquid carbon bisulphide for a few minutes, and then 
transferred, while still wet, to a tube of synthetic agar. The second lot 
was placed on a hollow slide, and the slide was then inverted over the 
mouth of a bottle of carbon bisulphide. After being exposed to the 
strong vapor for twenty minutes, the egg masses were transferred from 
the slide to a tube of synthetic agar. The results of this experiment are 
given in Table XI. ; 


TABLE XI.—ACTIVE LARVAE OBSERVED. 


Treatment March 20, 1914. an March 21. | March 22. | March 25. 
Pagid Carbon bisulphides- een 1s wee mene ateer eran eerie | 6000 Twelve | Abundant Abundant 


Many Abundant 


Naporized/Carbonibisdlphide! -..3...20. lesen s.-een a: cee ne aeleeiitaers 6000 Many 


From these results it was coneluded that treatments with carbon bi- 
sulphide, such as the above, do not materially inhibit the hatching of the ~ 
nematode eggs. 
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In all of those experiments with tubes of media, the synthetic agar 
was used. This medium gave a substratum as nearly like that of the 
soil as could be obtained and still have it clear enough to examine un- 
der a microscope, to determine the presence of larve. One of the ques- 
tions that come to mind in the use of this synthetic medium, was that of 
the possible effect of the various salts of the medium on the chemicals 
used in the treatments. Did not these various salts tend to act on cer- 
tain of the chemicals so as to make them lose their power to inhibit the 
hatching of the nematode eggs? If this occurred in the synthetic me- 
dium, one might conceive that it also occurred in the soil and thus might 
partially account for the failure of certain field experiments. To ob- 
tain data on this point, it was decided to run a series of treatments on a 
medium as free from these various nutrient salts as could be obtained. 
The best medium that could be devised for this purpose was a plain agar 
made of distilled water stiffened up with 1.5% of powdered agar. A 
number of tubes of this medium were made, using about ten c. ¢. to a 
tube. 


EXPERIMENT XII. 


March 21, 1914, a large quantity of eggs was dissected from knots on 
roots of lettuce and squash plants, and divided into twelve lots. After 
treatment each lot was transferred to a tube of plain agar. 


1. Placed the first lot, of 3000 eggs, in liquid carbon bisulphide for 
a few minutes. 

2. Placed the second lot, of 5000 eggs, on a cover glass and inverted 
it over the mouth of a bottle of carbon bisulphide for six and 
one-quarter hours. On removal from the bottle the egg masses 
were found to be very dry and hard. 


3. Placed the third lot, of 4000 eggs, in 1-100 Hg Cl, for a few 
minutes. 

4. Placed the fourth lot, of 3000 eggs, in a 20% solution of Cu SO, 
for a few minutes. 

5. Placed the fifth lot, of 5000 eggs, in full strength lime-sulfur 31 to 
32° B. for a few minutes. 

6. Placed the sixth lot, of 3000 eggs, in- 1-100 H,SO, for a few 
minutes. 

7. Placed the seventh lot, of 3000 eggs, in 150 H,SO, for a few 
minutes. 

8. Placed the eighth lot, of 3000 eggs, in 1-25 H, SO, for a few min- 
utes. 

9. Placed the ninth lot, of 3000 eggs, in full strength H,SO, for a few 
minutes. 


10. Placed the tenth lot, of 2000 eggs, in 1-100 solution of 40% formal- 
dehyde for a few minutes. 

11. Placed the eleventh lot, of 3000 eggs, in 1-25 solution of 40% 
formaldehyde for a few minutes. 

12. Placed the twelfth lot, of 3000 eggs, in 1-10 solution of 400% 
formaldehyde for a few minutes. 


The results of this experiment are given in Table XII. 
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TABLE XII.—ACTIVE LARVAE OBSERVED. 


Treatment March 21, 1914. ee d March 22. | March 23. | March 24. | March 25. | March 26. | March 27. 
. Liq. carbon bisulphide 3000 None None None One One Abundant 
2. Vapor carbon  bi- 
sulphide........... 5000 None None | None None None None 
3. HeCls 4-100. sacs 4000 None None | None Two Many Many 
4. CuSO, 20% solution... 3000 None None Abundant | Abundant Many Many 
5. Lime-sulf. full strength. 5000 None None None None Abundant Many 
6: SO -100 ese ee 3000 Abundant | Abundant | Used for cu|lturing experi/ment. 
(ee det STOWE ea aan See 3000 | Very many | Very many | Used for cu|lturing experi’ ment. 
es ESO ee eae cee 3000 None None None None | Abundant Abundant 
9. H2SOs full strength... . 3000 None None None None None None 
10. Formaldehyde 1-100... 2000 None Abundant | Very many-| Very many | Very many Very many 
11. Formaldehyde 1-25.... 3000 None One Two | Abundant | Very many Very many 
12. Formaldehyde 1-10.... 3000 None None | Abundant | Abundant Many Many 


With the exception of the carbon bisulphide vapor treatment for six 
and one-quarter hours, and the full strength sulphuric arid treatment, 
it will be observed that the results of the various treatments of this ex- 
periment correspond with those of the previous experiments, where tubes 
of agar were used. As there was no more inhibition of hatching in 
this last experiment, where plain agar was used, than in the other tests, 
where synthetic agar was employed, it would seem that the various salts 
of the synthetic agar did not reduce the inhibitory powers of the chemi- 
cals used in the treatments. 


EXPERIMENT XIII. 


It was thought advisable to repeat the carbon bisulphide treatments 
to get more definite data than the previous experiments had supplied. 
March 23, 1914, dissected a number of egg masses from knots on lettuce 
roots, and divided them into three lots. After treatment, each lot was 
transferred to a tube of synthetic agar while still wet. 


pe 


Placed the first lot in pure liquid carbon bisulphide for a few min- 
utes. 

Placed the second lot in carbon bisulphide vapor for one hour. 

Exposed the third lot to strong carbon bisulphide vapor for six- 
teen and one-half hours. 


oo bo 


The results of this experiment are given in Table XIII. 


TABLE XIJI—ACTIVE LARVAE OBSERVED. 


Treatment March 23, 1914. ee Mar. 24. |Mar. 25.| Mar. 26.| Mar. 27. Mar. 31. April 3. 
1. Liquid Carbon Bisulphide........... 5000 | Many | Many | Many | Many | Discontinued Discontinued 
2. Carbon Bisulphide vapor........... 6000 One | Abund. | Abund. | Abund. Many Many 
3. Carbon Bisulphide vapor 163 hours... 6000 None None None None None None 


In the case of the liquid treatment and the vapor treatment for one 
hour, it will be observed that abundant larve subsequently hatched from 
the eggs, while none hatched from the eggs exposed to the carbon bi- 
sulphide vapor for sixteen and one-half hours. From this it would ap- 
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pear that the longer exposure to the carbon bisulphide vapor was the 
only cause of this difference. It was observed, however, that the egg 
masses dipped in liquid carbon bisulphide, and those exposed to the 
vapor for one hour did not become dried out as did those exposed to the 
vapor for sixteen and one-half hours. This observation caused us to 
raise the question as to what effect the loss of water might have on the 
results. 


EXPERIMENT XIV. 


March 24, 1914, dissected out a quantity of egg masses from knots on 
lettuce roots and placed them in a culture slide. The slide was then 
placed on the window sill at room temperature and left there until the 
next day. March 25, 1914, after eighteen and one-half hours of such ex- 
posure, the egg masses which had dried down to small, hard lumps, were 
transferred to a tube of synthetic agar. The results of this experiment 
are given in Table XIV. : 


TABLE XIV.—ACTIVE LARVAE OBSERVED. 


Treatment March 24-25, 1914. euteat | March 26. | March 27. | March 28. | March 31. April 3. 
en Ree ee fone oh a ere gee Po ee ae meen rcp 
Dried at room temp. for 183 hours...... | 10,000 | None None None None None 


As the egg masses had no surface disinfection, they were not free 
from viable fungus spores, so by March 31, 1914, the surface of the me- 
dium was so over-run by fungi that the egg masses could no longer be 
distinctly seen. The result of this experiment is the same as that of 
the long exposure to carbon bisulphide vapor; so it would appear that 
the drying which the egg masses underwent in the vapor treatment, 
might have had some inhibitory effect. 


In looking over the data on some of the earlier experiments, it was 
observed that in many cases the writer had subjected the egg masses to 
the chemicals for longer periods of time than in the later experiments. 
It was thought that this longer exposure, ten to thirty minutes, might 
have caused the difference in results. To test this point it was decided 
to run a series of treatments in which the egg masses should be exposed 
for thirty minutes or more to the chemical used, before being transferred 
to the tubes of agar. 


EXPERIMENT XY. 


March 30, 1914, a large number of egg masses were dissected from 
knots on squash and tomato roots and divided into seven lots. After 
treatment, each lot was transferred to a tube of synthetic agar. 


1. Placed the first lot, of 5000 eggs, in 31-32° B. lime-sulfur for 
thirty minutes. 

2. Placed the second lot, of 5000 eggs, in full strength “Black Leaf 
40” for thirty minutes. 

3. Placed the third lot, of 3000 eggs, in 1-100 solution of 40% formal- 
dehyde for forty-five minutes. 
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4. Placed the fourth lot, of 5000 eggs, in 1-25 solution of 40% for- 
maldehyde for forty-five minutes. 
5. Placed the fifth lot, of 5000 eggs, in 1-10 solution of 40% formal- 
dehyde for thirty minutes. 
6. Placed the sixth lot, of 5000 eggs, in 20% CuSO, for thirty 
minutes. 
Placed the seventh lot, of 5000 eggs, in 1-50 H,SO, for thirty 
minutes. 


= 


The results of this experiment are given in Table XV. 


TABLE XV.—ACTIVE LARVAE OBSERVED. 


| 
r No. of 
M a See 4 eggs Mar. 31.) April i. | April 2. | April 3. | April 4. | April 5. April 6. April 7. 
: 7 used. ; 

1. Lime-sulfr. 31-32° B.}/ 5000 None None One None None Ten Abundant Abundant 
2. “Black Lf. 40’’ full 

strength. ....... 5000 | None None None None None Two None active None active 
3. Formaldehyde 1-100.| 3000 None One | Abund. | Abund. | Abund. | Abund. Abundant Abundant 
4, Formaldehyde 1-25.. 5000 None None None | Abund. | Abund. | Abund. Abundant Abundant 
5. Formaldehyde 1-10.. 5000 None None None None None 12 Abundant Abundant 
6. CuSOs 20%. .....3. 5000 None None None 7 | Abund. | Abund. Abundant Abundant 
de SHS OLI-DO aeons 5000 5 | Abund. | Abund. | Abund. | Abund. | Abund. Abundant Discontinued 


In the case of the lime-sulfur and the “Black Leaf 40” treatments, 
the smaller number of active larvee recorded was due to the fact that 
the medium was so clouded by the treatments that larve could not be 
distinguished unless they crawled up on the sides of the tubes above the 
substratum. From the result of this experiment, it would seem that the 
longer exposure to the chemicals does not affect the ability of the eggs 
to hatch. 


In attempting to subject the eggs to the same conditions that they are 
under in the actual soil treatments, it would appear that they should be 
exposed to the chemical for only a short time. In soil treatments we 
cannot conceive of the eggs being subjected to the chemical except just 
during the period when the solution is passing down through the soil 
directly after being applied at the surface. The various vapor treat- 
‘ments are exceptions to the above statement because they exert an influ- - 
ence throughout the time they are present in the soil. 


SUMMARY OF THE LABORATORY EXPERIMENTS. 


Although the number of experiments conducted so far is not great, the 
number of eggs used in each experiment was so large that we feel justi- 
fied in drawing certain conclusions from the results. The results of the 
earlier experiments were somewhat erratic; but taken as a whole, this 
series leads one to conclude that the chemicals used cannot be depended 
upon to control the root-knot nematode, because they do not completely 
inhibit the hatching of the eggs. We do not feel justified in concluding 
that this is the only reason for the failure of the chemical treatments in 
the field experiments, because we have not as yet collected sufficient 
data on the other theories to draw any definite conclusions regarding 
them. Stone and Smith (6) found that chemicals failed to inhibit the 
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development of the eggs of certain free-living nematodes. The re- 
sults of the above-mentioned workers, together with those obtained by the 
writer with the eggs of the parasitic nematode, Heterodera radicicola, in- 
dicate that further work along this line may establish the fact that the 
other parasitic nematodes will be able to survive soil treatments with 
chemicals for the same reason, namely, that the egg stage in the life cycle 
is resistant to the chemicals. 


DATA ON STEAM STERILIZATION OF SOIL. 


During the summer of 1913 it had been intended to conduct experi- 
ments on the control of the root-knot nematode by steam sterilization, 
but it was impossible to get a steam boiler for a sufficient length of time 
to prepare complete experiments. The writer did succeed in getting a 
boiler for one day, and so was able to collect some data relative to the 
depth to which the soil could be heated in a given length of time with 
equipment such as he had. The method and results of this work as 
given below, will give an idea of the value of steam, but these results 
are not sufficient to serve as a basis for definite recommendations. A 
pan ten feet six inches long, three feet wide, and six inches deep, was 
used in this work. Steam was furnished by a ten horsepower boiler 
kept at a pressure of seventy pounds. The soil to be treated was first 
thoroughly spaded up to loosen it to facilitate the penetration of the 
steam. 

In order to get data on the depth to which the steam penetrated, po- 
tatoes were placed in the soil at three places, viz., at the end of the pan 
where the steam entered, at the opposite end, and at the middle. Holes 
eighteen inches deep were dug and stakes set in them to mark the loca- 
tion of the potatoes. One potato was placed at the bottom of each hole, 
eighteen inches below the surface, and the soil was shoveled in until 
the holes were twelve inches deep. At this depth potatoes were placed in 
each hole and soil shoveled in until the holes were six inches deep. Po- 
tatoes were placed in each hole at this depth, and then the holes were 
filled until they were but three inches deep. Potatoes were placed at 
this depth and the holes were then filled up until the soil was level over 
the whole plot. The pan was then connected up with the boiler and the 
steam turned on. In about fifteen minutes the steam began to lift the 
pan out of the soil so that steam escaped from under its edges. To 
avoid this loss of steam, the pan was weighted down with scrap iron. After 
thirty minutes of treatment the steam was shut off and the pan removed 
from the soil. The potatoes in the hole farthest from where the steam 
entered the pan, were dug first. The potatoes at three inches, six 
inches, and twelve inches below the surface were well cooked through- 
out and the one at eighteen inches below the surface was very hot. Next, 
the potatoes in the middle of the plot were dug up, and all found to be 
well cooked, even the one eighteen inches below the surface. It was 
next attempted to dig the potatoes at the end of the plot 
where the steam entered, but the steam had gouged out such 
a hole in the soil that it was impossible to locate all of them. The two 
that were found were well cooked. The soil treated is a very fertile clay 
loam, with a stiff clay subsoil at about twenty-four inches below the 
surface. 

55 
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This steam experiment was next repeated on an adjoining plot of soil 
exactly as before, except that the steam at eighty pounds pressure was 
run into the pan for fifteen minutes instead of thirty minutes. At the 
end of the period the pan was removed and the potatoes were dug. The 
potato at three inches below the surface was thoroughly cooked. Pota- 
toes at six and twelve inches below the surface were partly cooked. The 
potato at eighteen inches below the surface was very hot. Of these two 
treatments, the thirty minute steaming was the better, as judged by the 
condition of the potatoes. Where the potatoes were well cooked, it is 
quite reasonable to suppose that the nematodes were killed, but the 
writer is not certain of this point.* 
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HOW CONTACT INSECTICIDES KILL. 


Technical Bulletin No. 21. 


Iil. Relating evidence, further, of certain properties of carbon disul- 
phide, gasoline, and a few other fluids, as well as temperature and some 
dry powdered contact insecticides, by means of which the insecticidal 
action of these agents is accomplished after their absorption into the 
insect tissues, or after mere application;—also brief suggestions for 
possible practice, by George D. Shafer. 


INTRODUCTORY STATEMENTS. 


(a) FORMER EVIDENCE. 


In a former paper on the subject, “How Contact Insecticides Kill*,” 
it has been shown that many gaseous or volatile contact insecticides 
mainly become effective after being taken up by the insect tissues. 
Certain color tests and actual volume measurements demonstrated that 
gaséous insecticides, (such as H,S, HCN and NH,) and the vapor of 
carbon disulphide, as well as that from many volatile oils (e. g. kerosene, 
gasoline, benzine, turpentine) are absorbed by the tissues of insects. Much 
evidence was pointed out which indicated that vapors of gasoline, carbon 
disulphide and the like, after absorption, accomplish their effect upon 
insects through some tendency their presence exerts to prevent oxygen 
assimilation in the tissues. 

If the vapors of the insecticides mentioned do interfere with oxygen 
assimilation, upon what do they act in the tissues to bring about that 
condition ? 

At the time the former bulletin was written nothing had been done 
upon this latter phase of the problem. It is with facts that seem to re- 
late to this phase of the question that the present bulletin has to do. 
Careful examination was made of the organs of treated insects and many 
histological studies were made. When an insecticide, such as gasoline, 
was present in abundance, it was found that after several hours the 
fatty tissues went more or less into solution. Insects were crushed and 
an attempt was made to detect changes which carbon disulphide, kero- 
sene, gasoline and the like might have upon the tissue-pulp. It was 
easy here also to notice the solvent action of gasoline, kerosene and carbon 
disulphide upon the fats and fat-like substances in the pulp. The action 
of carbon disulphide upon protein in the pulp could also be seen. The 
concentrated vapor of carbon disulphide would, in time, coagulate and 
whiten certain proteins. Egg-albumen readily shows this action of car- 
bon disulphide vapor, after a few hours confinement with air saturated 
at about 68° to 70° F. with that vapor. Studied in this way, however, 
using only such amounts of the agents in question as were necessary to 


*Parts I and II, Tech. Bulletin No. 11, Mich, Agr. College Exp. Station. 
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kill insects, there was no visible effect on the tissue pulp which might 
be held as a sufficient cause for rapid death. 

As already pointed out, however, a rise in the respiratory ratio during 
the time insects were dying, afforded the strongest evidence of an inhibi- 
tion of oxygen assimilation. It was decided, therefore, to determine the 
respiratory exchange of fresh insect tissue pulp and to see whether this 
exchange became influenced by gasoline, for example, in the same man- 
ner as had already been found for insects themselves. That the pulp 
does have a decided respiratory exchange, and that this is influenced by 
gasoline vapor in the same manner as the latter influences the respira- 
tion of insects may be seen by comparing table I-A with table V of 
part, 1,Tech. Ball, No: dt, 


TABLE I. 
Ne 
Extract pulp of tissues Treatment Températiice Heep ieaioay COz 
of Passalus cornutus. 5 ae Y period. Os 
Deal 
DOHC tin ainicinyelere teres orateleteoe shee Gis Gasoline...... DARD Cope chen TGs ese ae ia 
2:8 
DC! CiSaMlerSalMple canna ce s sania Ione ece one Same. sec e Samewnec caer a = 0.82 
0.9 
DICa Cask mate etetie eae oso Gasoline...... ZA DPIG Fees TSSHITS pasoretrers at A 
0.5 
oie jee samesample sousee ae aceite s INOUE 3 oycharaeiste SAME Crescte oe Sames sehen “ar = 0.5 
: 
3.1 
DCC ians(s cie helatale oh cig tae ate neice Gasoline...... 25) ALC eee W6sshrsiee sss == ye 
fe 
Sica Cvsamesamplevaas seats. IN'OTLO Sane ters her’ Same. eee oo Saline oe x OES 
B. 
! CO:z 
Extract pulp of tissues Respiratory 
of Passalus cornutus. Treatment. Temperature. period. Gi 
3.2 or. 
5 beetles (uninjured)............. INOHCG serene ZO SO Travers tits INTs ohent ocean aaa = 0.71 
Opened and 0.89 
Name: oypeetleds tence cae hie aes digestive tracts! 21°C. oc... 3 U0 Oe Urvey nce wee) —— = 11 
removed. 0.8 
i 6.4 
arbeetlesie eit, sie erst are was ee ae Gy 20742ICS caress AS TSE ast eeee Fa = 0.81 
: 16 
Sibegthles eee yutetleustoe te seen ete Se i) PAU CSAL Ch eiren ine GTS) kee a = 0.9 


Gasoline was selected for making this test because of all the volatile 
insecticides employed, it permitted of the most accurate volumetric de- 
terminations of its own vapor, and of the oxygen, carbon dioxide and 
nitrogen present at the beginning and at the end of the test. The ap- 
paratus and the method employed for making the gas determinations has 
been described in Part I of the former bulletin. The insect-tissue pulp 
was contained in a small, sterile, open glass stender dish which floated 
on the mercury in the respiration container. The pulp, or crude tissue- 
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extract, was prepared as follows: The insects were thoroughly cleaned 
with absolute alcohol and a cloth. In the case of Passalus cornutus, which 
was mostly used, the wing-covers and wings were first removed. Then 
the digestive tracts were carefully removed entire, and discarded. The 
remainder of the tissues—blood, fat, muscles, nervous tissue, ete.—hbe- 
came thoroughly “ground up” in a mortar with a little distilled water. 
It will be noticed that the respiratory ratio of the pulp or water 
extract of insect tissues proved to be rather higher, often, than was the 
case for healthy, uninjured beetles. A few respiration experiments were 
run, using insect bodies from which the digestive tracts had been re- 
moved. The ratio of carbon dioxide given off to oxygen taken up was 
in this case, also, a little higher usually than the ratio for normal healthy 
beetles. (See B, table I). Mechanical injury, through crushing without 
external mutilation, or through pithing the beetles with a hot needle, 
however, gave a ratio for the respiratory exchange lower than that of 
healthy normal beetles. But as has already been pointed out, when air 
saturated with gasoline vapor was used either with the insects them- 
selves, with the tissue-pulp or with the crude water extract, it regularly 
caused a decided rise in the respiratory ratio above that given by the 
same insects, tissue pulp, or crude extract. Thus it began to appear as 
if whatever bodies were present in the living insect tissues to start and 
carry forward the respiratory process—these were able to maintain 
themselves as “respiratory bodies” (with limited activity) for a time, 
at least, in the insect tissue pulp and in the crude extract of the pulp, 
where the effects of the insecticides in question might still be studied. 


(b) OXIDASES, CATALASES AND REDUCTASES IN ANIMALS AND PLANTS. 


In the pulp and in the water extract of various tissues of many 
vertebrate and other animals and in many plant tissues, workers have 
described enzymes which are able not only to carry forward oxidation 
processes in the pulp or extract itself, but also to initiate or accelerate 
the oxidation of certain other bodies, such as gum guaiac, hydroquinone, 
tyrosine, etc., when these are added in solution to the extract. Such 
enzymes have received the general name of oxidases. It is not the pur- 
pose here to give a discussion of oxidasic enzymes, their kinds and pos- 
sible functions in the living tissues in connection with other enzymes or 
enzyme-like bodies; but a short statement will make clear the import 
of the experiments which follow in this connection. None of the oxidases 
have been obtained in a known pure and isolated form, yet much has 
been learned of their properties, and of their more or less specific action, 
so that they have generally received names according to the kind of body 
or bodies upon which they have been found to act—as alcoholases, alde- 
hydases, phenolases, or laccase, tyrosinase, etc. Associated generally, if 
not always in pulp or tissue-extract with oxidases, various workers have 
found peroxidases, catalases, and reductase (or reductases). The per- 
oxidases of tissue extracts (when they clearly show themselves present) 
are substances which activate peroxides—for example they cause hydro- 
gen peroxide to change in such a way that its oxygen may became trans- 
ferred to guaiac, causing oxidation of the latter to guaiac blue. Perox- 
idases serve as activators merely; they do not cause the liberation of 
free oxygen from the peroxides. Indeed an oxidase is now looked upon 
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by most workers in this field as an organic peroxide, or an oxygenase 
(i. e. a substance capable of quickly forming an organic peroxide by 
uniting with oxygen from air) working with a peroxidase. The alpha 
and beta catalases, as demonstrated by Loew, are enzymes which are 
capable of breaking down H,O, into molecular oxygen and water, the 
oxygen coming off in bubbles. Finally, tissue pulp from plants and 
from animals has been found to possess a more or less strong reducing 
power. This power has been generally attributed to reducing enzymes 
called reductases. Knowledge of the functions and properties of the 
enzymes mentioned above is, as yet, very incomplete. Satisfactory proof 
has not been obtained in some cases, and there are those who believe that 
reductases and catalases are not enzymes at all. As experiments and 
observations accumulate, however, there seems to be a growing number, 
among those actively engaged in investigation of the subject, who be- 
lieve that in the oxidases, catalases, and reductases we have to do with 
a part, at least, of the machinery which accomplishes oxidations and 
respiration in the protoplasm of living cells. Alexis Bach, for example, 
has gone so far (in 1913)*, in a discussion of oxidising ‘and reducing 
enzymes, as to express his belief in their role in the process of respira- 
tion rather definitely. E. F. Armstrong in the “Journ. of the Chem. 
Soc. 104, Part I, p. 543, abstracts Bach’s conclusions as follows: 

(Go) order to utilize the oxygen of the air to effect oxidation, the 
cell produces an enzyme (an oxygenase)—a substance which is readily 
oxidized, fixing molecular oxygen to form a peroxide. (2) A second 
enzyme (the peroxydase) accelerates the oxidizing action of the perox- 
ides, acting on them in the same way as ferrous sulphate does toward 
H,0,. (8) The peroxides are readily transformed by hydrolysis into 
H,O, which is also formed as a primary product during hydrolytic oxida- 
tion. Owing to its rapid rate of diffusion, this accumulation of H,O, 
might damage the cell protoplasm. To guard against this, the cell pro- 
duces an enzyme—catalase, which rapidly decomposes H,O, into water 
and inert O,. Catalase thus acts as a regulator of the respiratory pro- 
cess. (4) To effect hydrolytic oxidation, an enzyme-perhydridase—is 
present which accelerates both oxidation and reduction just as do the 
metals of the platinum group. The reductase consists of the enzyme, 
water and an oxidisable substance which fixes the oxygen derived from 
the water, leaving the hydrogen free to effect reduction.” 

In view of the importance which physiologists begin to attach to © 
oxidizing and reducing bodies in tissue extracts of animals and plants, 
and because of the influence which certain of the contact insecticides 
are now known to have upon the respiratory exchange of insects, it seemed 
worth while to investigate these bodies in insect tissue extract and to 
study the effect of gasoline, carbon disulphide, and some other contact 
insecticides upon the activity of those found to be present. 


(c) OXIDIZING AND REDUCING BODIES IN INSECT TISSUE PULP OR EXTRACT. 


The method used in preparing insect tisue pulp for study has already 
been described. In preparing the crude extract the pulp was ground 
up with a small amount of sterile distilled water—usually about twelve 
to fifteen cubic centimeters to five or six adult specimens of Passalus 


*(Arch. Sci. phys. nat., 1913, vol. 35, 240-262). 
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cornutus. Then the extract was pressed out through Swiss muslin. The 
crude extract obtained in this way was whitish or creamy in appearance, 
at first, due to fat and very tiny particles of tissue which came 
through the muslin. When this extract was filtered through 
heavy filters under twenty to twenty-five pounds pressure, a clear or 
slightly straw-colored filtrate was obtained, and (on the filter) a con- 
siderable residue. When either the crude extract or the filtrate was 
allowed to stand for a time, the surface in contact with the air turned 
dark while the deeper parts of the fluid remained as at first for hours— 
for more than a day if kept cool or treated with a little of some weak 
antiseptic like chloroform, sodium fluoride solution, toluol or ether. 
Whenever work with the extract extended over several hours, some such 
antiseptic was used provided the nature of the experiment would permit. 
If to about 1 ¢. ¢c. of the crude extract a few (2 to 5) drops of a saturated 
solution of alcoholic guaiac were added, the milky mixture would begin 
to show a tinge of blue within one or two minutes, and would gradually 
develop a beautiful deep blue coloration. When about 1 c. c. of a stand- 
ard hydroquinone solution* was added to 3 ¢. ¢. of the extract, it slowly 
began to turn reddish brown; and after several hours, the entire mixture 
appeared very dark brown or perhaps almost black, giving off a decided 
odor of quinone. Vernon’s alpha-naphthol paraphenylene-diamine mix- 
ture} was tried, and this, the crude extract rapidly oxidized to the blue 
indophenol. Finally, the extract was able to slowly oxidize tyrosine 
(Merck) until after a few hours one obtained a heavy black or melanic 
pigment. It was interesting to drop a small pinch of tyrosine crystals 
into a little extract from P. cornutus tissue, and then watch the black 
coloration develop about it. The extract clearly possessed oxidasic prop- 
erties. Moreover, the filtrate and the washed residue left from filtering 
the crude extract under pressure gave the reactions showing the presence 
of oxidases. That is, oxidases soluble in water and insoluble in water 
were present. Likewise two catalases, one soluble in water and going 
with the filtrate, the other insoluble in water and remaining in the 
washed residue, were found to be present as first described by Loew in 
the tobacco plant, and both were very active in liberating bubbles of 
oxygen from hydrogen peroxide. 

Some of the fresh extract which had just darkened was confined in 
the absence of oxygen, and it became rapidly changed back to the appear- 
ance it had before it had darkened. If a few drops of a methylene blue 
solution were added to some of the extract and then the latter were con- 
fined from the oxygen of the air, the blue color became entirely reduced. 
Reducing bodies, therefore, seemed to be present; and besides, the re- 
duction of methylene blue took place whether it was confined with the 
filtrate of the crude extract or with the washed residue. Thus, oxidases, 
catalases, and reducing bodies were all found to exist in the pulp and in 
the crude water extract of P. cornutus in two forms, one being soluble 
and the other insoluble in water. It therefore seemed desirable to make 


*This standard solution was made up by dissolving 1.1 grams of hydroquinone in 100 ec. ec. 
of distilled water. 


m 
Gere: a hydroquinone.) 
7Vernon, H. M. The Quantitative estimation of Indophenol Oxidase of Animal Tissues. 


The Journal of Physiology, Vol. XLII., Nos. 5 and 6, pp. 4 
tOscar Loew: Report No. 68 Div. of Veg. Phys. and Path., U. 3. Dept. of Agr., 1901. 
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a further study of these oxydasic and reducing bodies of P. cornutus and 
to determine the effect of some of the contact insecticides upon their 
activity. How, for example, would gasoline vapor or the vapor of car- 
bon disulphide affect the rate at which the crude water extract could 
oxidize a solution of hydroquinone? When present in concentrated 
amounts, the rate at which oxygen was absorbed by insects and by crude 
insect tissue-extract was lowered by these insecticides. Would they re- 
duce the rate at which the oxydases in the extract caused guaiac or hy- 
droquinone to become oxidized? 


THE EFFECT OF GASOLINE AND SOME OTHER CONTACT INSECTICIDES 
UPON THE OXIDASE, CATALASE, AND REDUCTASE ACTIVITY 
IN EXTRACTS OF THE TISSUES OF P. CORNUTUS. 


(a) EFFECT UPON OXIDASIC ACTIVITY. 


It has been pointed out that both soluble and insoluble oxidases were 
found to be present in the extract of P. cornutus. The insoluble oxidase 
(oxydone*) remained in the mixed residue on the pressure filter after 
filtering the crude extract, while the soluble form went through in the 
clear or straw-colored filtrate. When the latter was treated with alco- 
hol or saturated with ammonium sulphate until the proteins were thrown 
down, the oxidase separated with them and could be filtered out. The 
oxidasie activity of this alcoholic or ammonium sulphate precipitate 
could be preserved for hours or even days, if the precipitate were kept 
moist and cool; but drying, even at room temperature, almost if not 
entirely destroyed the activity of the oxidase in a few hours. On the 
other hand, when the washed residue containing the oxydone was moist- 
ened after having been dried at room temperature for 36 hours or even 
longer, it exhibited oxidasic action toward alcoholic guaiac almost un- 
diminished. Moreover, in the dry condition, the oxydone was very resist- 
ant to heat. It could then be kept at 90° to 100° C. for an hour without 
destroying all of its activity. When moist, as in the crude extract, how- 
ever, both the oxidase and the oxydone were destroyed if kept at a boiling 
heat for 10 minutes; and nearly all oxydasic activity was destroyed if a 
crude extract were kept at 80° to 81° C. for 15 minutes. When kept at 
68° to 69° C. for one hour, such an extract was 5 to 6 times longer in 
oxidizing alcoholic guaiac than a check kept at room temperature for 
the same time. In making this comparative test with alcoholic guaiac, 
the same amount of extract was used for the check as for the heated 
portion, and at the end of the test period a certain number of drops of 
the guaiac solution were added to each portion. Then the time required 
to oxidize the guaiac in the treated and untreated extracts to the same 
depth of blue coloration was noted. This was a method by which only 
well marked differences might be compared, but by its use one could 
easily see also that solutions of hydrochloric acid, borax, sodium fluoride, 
nicotine (to-bak-ine) and’ ammonia alJl exerted a more or less harmful 
~ #Insoluble oxydases in animal. tissues are referred to as “oxydones” by Batelli, and (Mlle) 
Sean pa Biochem. Zeitsch. 1913, 52, p. 226. Rev. in J. of em. Soc. vols. 103-104 


The work of these investigators did not come to the notice of the author until early in 
1914, when this phase of his own work was nearly finished—having been begun in 1912. 
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influence upon the ability of the crude extract to oxidize guaiac (exposed 
to the air) when they were added in small amounts. Both the oxidase 
and the oxydone were affected. The influence of carbon disulphide, gaso- 
line, and hydrocyanic acid gas were studied in the same manner. In the 
case of carbon disulphide and gasoline, the influence of both the vapor 
and the liquid of each fluid was studied—using the vapors to saturation 
in air, and the liquids at the rate of three drops to 2 c. ec. of extract 
thoroughly mixed to an emulsion. 

Carbon disulphide deterred the oxidation of guaiac by the extract 
greatly ;—sometimes the blue coloration did not begin to develop until 
after two hours, when the extract had been treated with the concentrated 
vapor or with the liquid for a few hours before testing. The influence of 
carbon disulphide was most marked when the extract was rich in fat- 
emulsion. 

The influence of concentrated gasoline vapor on the oxidasic proper- 
ties of an extract, as studied by the aid of alcoholic guaiac, was never 
very decided. However, the liquid gasoline first used appeared quite 
destructive to the oxidase, but that sample of gasoline was later found 
to be slightly acid in reaction; and when this acidity was rendered just 
neutral, the liquid gasoline then acted scarcely more harmfully than the 
concentrated vapor. In fact if either the vapor or the liquid gasoline 
were used with perfectly fresh milky extract (rich in fat) it seemed to 
hasten the bluing of guaiac—or to hasten the darkening of the extract 
itself on standing alone in air. 

In the case of hydrocyanic acid gas, it was found that if an extract 
were tested immediately after being removed from the treatment, the 
guaiac blued very much more slowly than in the check. If, however, the 
treated extract were allowed to stand in air for an hour or so until it 
became free from the odor of hydrocyanic acid, the guaiac blued almost 
as rapidly upon being added as in the check extract. 

Borax (3 grams in 100 c. ¢. distilled water) was very destructive to 
both the oxidase and the oxydone, when a little of the solution was 
shaken up with the extract and allowed to stand for a few minutes. 

Sodium fluoride, in saturated solution, was used. It retarded the de- 
velopment of guaiac-blue when added in considerable amounts to an 
extract, but even 1 c. c. of the solution mixed with 1 c¢. ¢c. of the extract 
did not prevent the development of the blue coloration after an hour or 
two. When added in only small amounts to a fresh extract, sodium 
fluoride solution seemed to hasten the bluing of guaiac. Likewise chloro- 
form and ether did not seem to injure the oxidasic activity of the tissue 
extract toward alcoholic guaiac, except very slightly when they were 
used in large amounts and thoroughly shaken up with the extract. 

This study with alcoholic guaiae was instructive, but a method was 
sought which would show by volume measurements of the oxygen taken 
up just what influence carbon disulphide and gasoline (for example) had 
upon the rate at which oxygen was absorbed by insect-tissue-extract plus 
some other substrate than guaiac. Hydroquinone solution was selected 
as the substrate to be oxidized because it was easy to keep a compar- 
atively constant, clear, standard solution for some time, and because as 
the oxidation to quinone proceeded, the color of the solution changed 
progressively from a reddish to a darker and darker coloration. Thus, 
a color check was afforded, upon the volume of oxygen used in the case 
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of treated (with insecticide) and untreated extract samples. (See Fig. 
1, Plate I.) So many factors were involved that it was necessary to 
use extreme precaution in order to be at all sure that a difference in 
volume of the oxygen absorbed by hydroquinone-extract-mixture in air 
and hydroquinone-extract in gasoline-vapor-air was due alone to the 
influence of gasoline vapor. It was necessary always to thoroughly mix 
a fairly concentrated extract and then to remove two equally measured 
samples for the experiment at as nearly as possible the same time. 
Furthermore, exactly equal measures of a standard hydroquinone solu- 
tion must be added to the two samples at the same time, and then the 
tests with the two equally prepared mixtures must necessarily be run 
(the one in air and the other in gasoline-air) under like conditions of 
temperature for the same period of time. It would not do to run the 
tests for equal periods, merely. They must cover the same period as 
nearly as that might be made possible. The reason for these precautions, 
if not apparent here, will be noticed later in the discussion. Another 
difficulty presented itself. Oxygen was absorbed rather slowly in the 
tests, and so it seemed advisable to find some method of measuring 
directly the entire amount of carbon dioxide that might be given off, 
as well as the entire amount of oxygen taken up, rather than to depend 
upon percentage estimations from samples. No method was available for 
removing and accurately estimating carbon disulphide vapor from air 
used in a test, and so it seemed necessary to be able to measure the oxy- 
gen taken up and the carbon dioxide given off in the presence of the in- 
secticide employed during the test. Finally, an apparatus was devised 
which complied very well with the requirements just outlined. The es- 
sential features of the apparatus are represented in Figure 1, and a brief 
description follows here. 

The apparatus (Fig. 1), consisted of two systems which were almost 
exact duplicates, each made up of a gas-burette “a” connected with a 
mercury-mug “b”; a gas-container “ce”; a potash absorption flask “d’”; 
a mercury manometer ‘“e”; a burette “f” (graduated to O. 1c. c.) for the 
hydroquinone solution; and a circulating pump “g”. The gas container 
was of about 300 c. ¢c. capacity, with two two-way cocks above and a 
wide mouth (214 inches) beneath. The wide rubber-stopper for this con- 
tainer was connected with a mercury-mug “h”, and a hooked U-tube also 
passed from the stopper to connect with the hydroquinone burette “f”. 
Mercury could thus be used not only to seal the mouth of the gas- 
container, but to float the stender dish up under the hooked end of the 
U-tube. The gas-burette of each system was connected by tubes (with 
airtight sealed joints) through the corresponding gas-container, absorp- 
tion-flask, mercury manometer and circulating pump of its system, as 
represented in the figure. Between the “pump-gas-container connecting 
tube” and the ‘“absorption-flask-pump connecting tube” was a cross tube 
with a stopcock “St.” Fig. 1. This cock was kept closed when the pumps 
were running. It was opened as soon as the pumps were stopped, and 
always, before the manometers were adjusted, the circulating wheel of 
each pump was given a quarter turn backward. Thus, any air that might 
be compressed in a pocket was released into the upper air-chamber, leay- 
ing the pockets filled with mercury. The circulating pump of each 
system was actuated by belts from the same double pulley of a reducing 
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_ gear “j”, which was run by a small motor not shown in the figure. It 
was thus possible to start and stop the pumps (which were duplicates) 
at the same time and to run them at the same speed. There was not 
found, on the market, a small pump in which the gas to be circulated 
did not come in contact with the boxing of the pulley-journal of the 
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Fig. 1. Apparatus used in determining the influence of gasoline and carbon disulphide 
upon the absorption activity for oxygen of insect tissue-extract plus hydroquinone solution. 
(Duplicate systems) a = gas burettes; b == mercury mugs; c = gas-containers; d = potash 
absorption fiasks; e = mercury manometers; f = burettes for hydroquinone solution; 
g = circulating pumps; h = mercury mugs; j — reducing gear. 


pump. In these experiments, it was necessary to know that no leak or 
gas exchange could take place at that point. The two circulating pumps 
represented in Fig. 1 were, therefore, designed to meet the necessity. 
Each pump was filled with mercury to a certain level as shown by line 
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“ae, Fig. II. The circulating wheel “w” pointed out in the same figure 
was made to revolve in the mercury in the direction of the large arrow. 
Each pocket in the wheel thus carried gas from the air-chamber in the 
upper part of the pump down into the mercury to the position ‘‘p”, 
when the air emptied toward the center (due to its tendency to rise in 
the mercury) and came out into the outlet tube “o” as shown in Fig. 
II B. The pump was therefore able to circulate air against a pressure 
equal to the mercury-height “s-t”, and the confined gas in the pump 
could not come in contact with the pulley journal ‘“j” under any cir- 
cumstances, since the lowest level “s”’, to which the mercury could be 
brought, was higher than the pulley-journal. As a precaution, a small 


Vig. II. Diagrammatic projections of the working parts in gas-circulating-pump (see 
“o? Wig. 1). A = Side-projection; B = Edge-projection; a-c = level of mercury; w= 
circulating wheel; p = position of air pocket when it empties toward the center; p’ = air 
pocket ; o= outlet tube; s = bearing around the common central outlet for the air pockets 
in the circulating wheel; j = pulley journal. 


cup was set beside each pump (when in use) just beneath the boxing 
“k”, Tf a mercury leak should have occurred from this point, the vol- 
ume of the leak could have been known at once from the mercury caught 
in the cup. When the apparatus was set up, much trouble was experi- 
enced in getting all connections sealed gas-tight. Tests were not begun 
with the extract, however, until the apparatus was able to stand, for 
several hours, under a pressure greater than any that might occur in 
the regular experiments, without showing a measurable leak. Moreover, 
test experiments were run with samples of the same extract in air in 
both gas-containers of the apparatus until comparatively uniform results 
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were given. The working difference which might occur between the two 
systems of the apparatus was about 0.2 c. ec. When a test to obtain the 
influence of gasoline-vapor or carbon disulphide vapor upon the 
hydroquinone-oxidase activity of insect tissue extract was to be 
run, equal samples from the same tissue-extract were placed in each 
of two sterile stender dishes of 36 m. m. diameter, and the dishes were 
introduced into the two gas-containers “ec.” “c.”, Fig. I. Mercury seal 
was made at the mouth of each gas-container, and the U-tubes were con- 
nected with the hydroquinone burettes. Then, by means of the mercury- 
mug and the free opening of one of the two-way cocks of one gas-con- 
tainer, as much insecticide vapor as was wanted could be introduced 
from a separate stock-container of concentrated insecticide vapor. After 
that, the cocks of the gas-containers were opened to the outside an 
instant until both mercury manometers read level. The temperature 
was recorded. Then the cocks were all properly set and the motor 
started, so that in the two systems the gas or air was made to circulate 
until it was uniformly mixed. The motor was stopped and started in 
this way several times (pressure adjustments being made between times, 
if necessary) until the manometers stood level after each short interval. 
The cocks of the gas-containers were then quickly opened to the outside, 
and hydroquinone solution was carefully let down from the burettes 
until it reached the openings of the hooked U-tubes above the stender 
dishes in the two containers “c.” “c.”’ A measured amount, usually 2 
ec. ¢. of hydroquinone solution to 5 ¢c. c. of the tissue extract, was meas- 
ured into each extract stender dish. Test was again made to see that the 
pressure manometers stood level and then both cocks of each gas-con- 
tainer were closed. The temperature was again noted.: The barometer 
reading and the readings of the two gas-burettes were recorded. The 
apparatus then stood during the desired period of the test in a room 
where the temperature varied but little—and only very slowly—and one 
could be sure that both systems of the apparatus were at the same temper- 
ature when readings of the gas-burettes were made. At the end of the 
test period, the cocks at the top of the gas-containers were turned so as 
to connect each container with its own system. The mercury in each gas- 
burette was quickly manipulated so as to. bring the mercury manometers 
level, and the readings of the two gas-burettes were taken. Then the 
cocks “st” and “st’” were closed and the pumps were started. The gas 
or air in each system was thus made to circulate through the absorption 
flasks until trial showed that the readings of the gas-burettes (after 
short runs of the pumps) were constant, when the two manometers “e” 
and ‘“‘e” stood at zero. The reading of each gas-burette was then again 
recorded. Thus there were three gas-volume readings for the system con- 
taining the insecticide-treated extract and three for the check. The first 
reading in each set showed the constant volume of the gas under certain 
recorded conditions of temperature and barometric pressure; the second 
showed the volume after oxygen absorption (i. e. by the extract contain- 
ing hydroquinone solution), before any carbon dioxide had been re- 
moved; and the third reading gave the volume after the carbon dioxide 
produced during the experiment period had been circulated through the 
hydroxide flask and absorbed. The readings were all reduced to the 
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volume which would be given at 0°C. and 760 m. m. mercury pressure so 
that they might be safely compared. The second reading, then, minus 
the third (in each set of reduced readings) showed the volume of carbon 
dioxide produced during the period; and since no carbon dioxide was 
present at the beginning, the first reading minus the third gave the 
volume of oxygen that had been absorbed during the test. The volume of 
oxygen absorbed in the case of the insecticide-treated “extract plus hy- 
droquinone” and the volume of oxygen absorbed by the untreated “ex- 
tract plus hydroquinone” could thus be compared directly; and it is 
believed that any difference must be attributed to the influence of the 
insecticide present, since other conditions were kept as nearly as pos- 
sible the same. 

Checks tried separately had shown that gasoline and carbon disul- 
phide vapors were not appreciably affected by the potassium hydroxide 
solution used, and that they did not interfere with its absorption of 
carbon dioxide. 

The records of a test are given here as they were kept for a regular 
experiment: 


Exp. 7. Used 5c. c. of an extract (made from 4 large ‘‘white grubs’ in 20 c. ce. distilled water, 
plus 3 drops of Toluol) in each of the two containers—right and left. = 
_ Ran pump at intervals until readings became constant. Added 2c. c. or 100 hydroquinone solu- 
tion to each. Ran pumps short interval—readings were constant. 


Started 17 Aug. 1912, 4:45 P. M. 
Ended 18 Aug. 1912, 8:00 A. M. 


At start —Bar. =740 m.m.; Temp. — OP oie 


Atend — ‘“ =734m'm.; =20.4° C. 
Ext. =Left-hand system (CS:—treated). Ext. =Right-hand system (no treatment). 
Gas-burette reading Gas-burette reading 
2d CC. 20:5 Cic. 
30.5 23.9 
27.5 20.5 


Readings reduced to 760 m.m. mercury pressure and 0°C:— 
Left-hand system (CS:—treated). 


430 c.c.=Volume of left-hand system, exclusive of gas-burette. 
27 .5 c.c. =Volume of gas in left-hand gas-burette. 


457.5 c.c. =Total volume of left-hand system at start. 
457 (740 —16.655)273 
760(273 +19.3) 

30.0 c.c. 
- 30.5 
460.5 =Total vol. at end of test; before COz had been absorbed. 
460.5 (734 —17.826)273 
760(273 +20.4) 


430.0 
27.5 


457.5 =Total vol. at end of test (after CO2 was absorbed). 
457.5 (734 —17.826)273 
760(273 +20.4) 
Then 406.6 

401.1 


=406.6 c.c. vol. at start (reduced). 


=403.7 c.c. Vol. before CO2 had been absorbed (reduced). 


=401.1 Vol. at end of the test (reduced). 


7 


5.5 ¢.c. O2 absorbed during test by the ‘‘extract plus hydroquinone” in the presence of CS: — 
vapor in air. 
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and 403.7 
401.1 


2.6 c.c. COz given off during test in the CS2—treated gas-container. 


Right-hand System (check). 
aan c.c. =Vol. of right-hand system, exclusive of gas-burette (at start.) 
=Vol. of right-hand system gas burette. 


440.5 

440.5(740 —16.655)273 
760(273 +19.3) 

azo 4 EXC 


=394.7 c.c. Vol. at start (reduced). 


443.5 c.c. =Total vol. at end of test (before CO2 had been absorbed.) 
443.5(734 —17.826)273 


760(273 +20.4) 
420.0 c.c. 
20.5 


=389.3 c.c. above vol. (reduced). 


440.5 c.c. =Total vol. at end after CO2 had been absorbed. 
440.5(734 —17.826)273 
760(273 +20.4) 
Then 394.7 

386 .6° 


=386.6 c.c. above volume (reduced), 


ari c.c. O2 absorbed during test by the check. 
and 389.3 
386.6 : 
2.7 c.c. COz given off during test by the check. 
8.1 —5.5 =2.6 c.c. more Oz abosrbed in case of the check (:. e. not treated with CS2—vapor). 


Note was kept of twenty-one experiments carried out in adjusting and 
in léarning to manipulate and use the apparatus to obtain trustworthy 
results. It was found that the greatest care must be taken to be sure 
that the two systems of the apparatus were at the same temperature. A 
door, opened for a short time to admit air of a different temperature 
from one side of the room, could cause a variation in the volume of the 
gas in the two systems which would entirely vitiate results if readings 
were made at that time. It was discovered also that a variation in the 
influence of the insecticide-vapor occurred, depending on whether the 
extract were used immediately after it had been prepared, or not until 
a few hours later—this seemed to be especially true when gasoline was 
used. This fact served to emphasize the necessity of taking, from the 
prepared extract, the sample to be treated with the insecticide and the 
check sample at the same time, and of carrying out the tests with the 
two during the same period—although the reason for the variation men- 
tioned above was not appreciated until later in the investigation. If the 
insecticide vapor in the air used in an experiment was near saturation, 
then it was necessary not to allow the room temperature to fall below 
that at which the experiment was started. Otherwise some of the in- 
secticide-vapor would be condensed and the vapor tension of the gas- 
mixture changed. Correction for change in yapor-tension of water vapor 
due to a change in temperature could be readily made, but no method 
was at hand for making a similar correction in case of gasoline or carbon- 
disulphide vapor when the apparatus illustrated by Fig. I was being used. 
Furthermore, it was found that high concentrations of the insecticide 
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vapor were necessary to show a marked influence, especially if the water 
content of the extract were high. 

After the preliminary tests, written record was kept of more than 
thirty experiments, including cautionary check experiments, which were 
made to get the influence of gasoline and carbon disulphide vapors upon 
the oxygen absorption activity of ‘insect extract plus hydroquinone so- 
lution”. Some of these experiments were performed during as many 
as three successive periods. In all of these tests unless otherwise stated, 
the stender dish of each gas-container held 5 c. ¢. of insect tissue extract 
from the same stock extract mixed with 2 ¢c. ce. of a standard hydroquinone 
solution (1.1 grams of hydroquinone in 100 ¢. ec. of distilled water.) 
Representative results of these experiments are given in table II. 

The first ten results in the table relate directly to the influence of 
carbon disulphide or of gasoline vapor upon the activity of ‘insect 
tissue extract plus hydroquinone solution” for oxygen absorption. 

A study of the table will show that the higher concentrations of 
insecticide vapors caused a marked reduction in oxygen avidity under 
that shown by the corresponding checks. Weak concentrations of the 
insecticides, on the other hand, seemed to accelerate, very slightly, rather 
than to retard oxygen absorption. One may appreciate the influence of 
the insecticide, perhaps, better by comparing the total sum of the oxygen 
absorptions in the insecticide chamber with the total corresponding ab- 
sorptions in the check gas-chamber. 

In case of carbon disulphide vapor the ratio is 6.7 ce: ¢. to 19:t sea 
In other words, only about 7/20 as much oxygen was absorbed during 
the series of tests in the carbon disulphide chamber as was absorbed in 
the check gas-chamber with air alone present. For gasoline-vapor the 
ratio is 10.2 c. ce. of oxygen absorbed in the gasoline chamber to 13.9 
ec. ¢. in the pure air chamber (i. e. about 7/10); and if those tests in 
which the vapor was in high concentration are considered alone, then 
barely over one-half as much oxygen was absorbed in the gasoline-vapor 
chamber. The ratio of carbon dioxide given off to the oxygen absorbed 
by the mixture of “insect tissue-extract and hydroquinone solution” as 
expressed by the totals for the insecticide-treated samples is 0.8+-, and 
the similar ratio as expressed by the totals for the corresponding checks 
is 0.4. That is, the respiratory ratio of the “tissue-extract plus hydro- 
quinone solution” proved to be decidedly higher in the presence of strong 
gasoline or carbon disulphide vapors than was found to be the case in 
pure air. Now, as has already been mentioned, an oxidase in the insect 
tissue-extract is able, it is believed, to accelerate the oxidation of hydro- 
quinone to quinone and water—the quinone showing its presence by its 
odor and by a change in color of the extract-solution. If, then, an 
oxidase in the extract does cause that kind of an oxidation of hydro- 
quinone, it would naturally follow that an extract to which the latter 
had been added might take up more oxygen in a given period than it 
otherwise would, and that the added hydroquinone would therefore de- 
crease the respiratory ratio ([S') of the extract. Note the ratio 0.4 
above, which is much below that found for healthy beetles in pure air— 
the latter ratio being about 0.75. The last three results given in Table 
II are precautionary checks on the manner in which hydroquinone is 
oxidized by extract of the tissues of P. cornutus. To each of the stock 


449 


BULLETINS. 


EXPERIMENT STATION 


Se eters traccuties “9-9 4g myereiermearere (oil? ‘grape frrcsssssse: Patton cok : POan mcr Ss Oac hers aye line, heusncher e eperetereLe Siipawersvatesene +“ g1eJ0L, 
9°96'°0 |''''0 0 F 20 $0 a00'g ttt siyg [trcrtcc ttt pasn opronoosut on [°° 77" JOIVM *D 2 OT ‘snmnuso9 snyossvg F | “ET 
2°20'T 2-O Ee 2° $0 ao 20 [ttt SINT [Toocr cc pasn aploljoosul ON |°° 777" Taqem °D ‘Dd GT ‘sngnusoo snposspg F | ‘ZT 
0 °O £°0 2°'O 6°0 0°29 r'0 9°o L°0 eee eee siq 2% ee ee ee *pesn 9ploljoasul ON a ey IoqVM "9° 0z ‘snqnusoo snpDssvq c iT 

“YO UPALS 70D! ‘pesn?2g [yO uaAIs 20D ‘pasn 70O 

‘auoutnboipAy ‘guoutnboipAy ou 
snid joviyxq — J0B1}X9 YooyO 
one ee wee ee C4) 26°&I | 0) ege48 a) ©) Ua) eine See OT 0). (6.0. Oke 6 Se 5n © © 10 be 8 6 16)6 BPE. © 6) 6 Be 6 6/6)n se Je) 6 8 B Ore 16>) 656.8). 8) BeBe) ee eee ew ee 81840; 1; 
LO mOLOM (eles cOmO On [uty ster Ostoe ” () ‘O'06'T spo (tay ee pO oe yuoulliedxe oq} Sulinp juoseid 
aployjoesur ou ynq— ‘poyeely euljosey | °° **** IOILM "9 ‘9 OF ‘snjnusood snzossMV_ g | “OT 
° Ly) r'O "9 5) (oye ye ‘9 9) 0° I “9 9) 9°0 see ewe sIq £g 5 seus © 8) 8 a she es 6 6 6 6 ne “poyrely SUITOSB*) oe *"JoVeM *y 9) og ‘snjnUusoo SN)DSSD J 8 6 
0°09 2°0 OM OMLoE ray Ho} 300) GIS a0 Se el laude ence siy 7 |* °° *WOTyeIyUBDUOD way ‘IOdBA QUTLOSeY) **TOYBA 9 "0 OZ ‘sqnis DUIyL077V OSI, 9 | “S 
0 DE: TOOTS Oe Yi tears OC ONT Gale SIY LT |\*UOlBIZUdUOD F £ qnoqe rodva aurjosey) |" * “JOIVM '0 9 OZ ‘SQnid Du2zysoN PY 9 | *L 
0°00'P "0°0 GF “OMeOlOnG SOONG NGA it ae earn sit, OT “uoryeryU90U0D Ysiy ‘1odva oulposey |***** "=" 1e9BAr *d °0 OS ‘sqnid purysony 8 | °9 
‘DET ‘2-2 8'T oep lca oer fo siq 9 |'**": UOTeIFU9OUED MOT ‘IOdwA ouTfoseH JU Sone erty 
D°O ST ‘sqnid ovIM TRUS 9 pue asIeT T | “S 
Vk eos is eee 8) e- 6. | 3 °OD L'6L @ are a. 0) 8 enene (ee, °0'9 2°9 9. (a Su, 9) © eae 6 Oe) BAG, 00610) «16.8 "6 (6,8 0 161s) 876 a (Sra @ jee (018) 0,8 pe ‘eee Sis ee . Cy o* oer ee eee eae eS eau 
) 296°0 . 4) 26°¢ . 9) 5) (}2(0) busity “hp 9°0 wie bree SIU £57 ey peyeinyes Ayrveu 99 ome Ld eee eeeeoeve eeoononueeuneeevaen (pjo 
at 9 eat JOJBM *9 °9 OF ‘sqni3 ayy F | ‘PF 
A) "*) pay 9°9 6° . A} ra) 8° ° fa) £°0 see eee siq 91 ee 616, Seid e.8 ew 6 Piety poyeinyes Ayiveu 899 eo Bleletete ~~ 6's 6s) 6 Ga: blecm © Qe @ Ue Bie Bibles 6 (pjo 
‘SI G 4X) JOIVM °0 '0'OG ‘Sqnis oJ1GM F | “ES 
2 °O FS | 2°0 6° F. fay “E) (a0 ES acta SAG YE | HE Os nie (S405 (ey Goal Pek a 2 UOTPeIJUIOUOD TSI “GO ‘(PIO ‘Ig [) ‘“JOJBM *O °0 GT ‘SqnIs oFIYM ES | °S 
o'09'T | o'0 $9 WO Gaie DEOIGRGY |i BIUVE Cae ee UOILIJUGOUOD MOT JOYJVI ‘GO |*** “JeyVA “O° OZ PUB Sqnid o}TyM esiey & | ‘T 
| eats 
‘YO UDAIS 709) ‘"“pasn?Q |"YOuUdATS?OD) ‘pesn 20 | 
| | ‘ 
‘poled | ‘OpIOIjoasUyT —UW10IJ JOVIZXO 39049 ee 
“JIqUIvYO-svVs yosyO ‘IOqUIvYO YploljoesuT | 
| 


(‘1OJVM “4SIp JO 0 ‘OD OOT Ul sUOUTNbOIpAY JO SUIVIS [*T) 


x NOILLA'TOS ANONINOOUGAH OI-W SQTd LOVUL 
-XU-AOSSILL LOASNI AO NUDAXO WOA ALIAILOV NOILdUOSAV AHL NOdA SUOdVA *SO GNV ANITOSVS 10 FONANTANI— TW ATaVL 


450 STATE BOARD OF AGRICULTURE. 


extracts (before samples for the tests were taken) four drops of weak 
ammonia (0.9 sp. gr. diluted five times) were added. This ammonia 
had the effect to reduce the carbon dioxide excreted to a very small 
amount.* The influence of oxidase in causing the hydroquinone to take 
up oxygen in the manner described might therefore stand out promin- 
ently. The total oxygen taken up and the total carbon dioxide given 
off in each case is given in the table, and although the ammonia used 
kept the ratio (S?-53) down to 0.35 in the extract containing no 
hydroquinone, the value was brought down lower still (St =37) to 0.25 
by the increased amount of oxygen used in the extract plus hydro- 
quinone mixture. The larger value of the ratio coe =0.8, as found above 
for the “extract plus hydroquinone” in the insecticide chamber, must 
therefore point to the fact that the gasoline and carbon disulphide vapors 
used were able in some unknown manner to inhibit or lessen the acceler- 
ating (catalytic) action of the extract-oxydase in bringing about the 
oxidation of hydroquinone. A further precaution which was observed 
should be explained here. Tissue-extract was brought to a boiling tem- 
perature (about 15 to 20 minutes) to destroy the oxidasic enzymes. It 
was then allowed to cool and the regular amount of hydroquinone solu- 
tion was added. Tests were then made using the apparatus as in other 
experiments, and no measurable amount of oxygen was taken up during 
longer periods than any used in the regular experiments. It has already 
been explained that the hydroquinone stock solution would remain clear 
for days. However, if the heated “extract plus hydroquinone mixture” 
had been scarcely brought to the boiling temperature or had been heated 
only a short time before it was allowed to cool, it often showed a very 
slight reddish or cherry tinge after twenty-four to thirty hours—indicat- 
ing that the heat had not been sufficient to destroy quite all of the 
oxidasic activity. Thus, the appearance of this peculiar reddish brown 
color was an even more delicate test of the oxidation of hydroquinone 
than the volumetric measurement of the oxygen used, and mention has 
already been made of how the reddish brown tinge deepened progressively 
as hydroquinone became oxidized to quinone. It was interesting and 
confirmatory, therefore, to note that in all ten of the experiments listed 
in table II the deeper color was found to be in the stender dish of that 
gas container where most oxygen had been taken up. One must see 
that in the extracts used, a slight respiratory exchange exists, and the 
influence of the insecticide agents upon this exchange has not been 
eliminated; but the respiratory exchange in such a treated extract (a few 
hours old) is very low indeed as shown by the CO, given off—and the 
evidence just enumerated leaves no doubt that in studying the compar- 
able oxygen measurements, we see mainly the influence of the agents in 
question upon the oxidase activity toward hydroquinone. Two experi- 
ments (not recorded in table II), carried at once for short periods with 
gasoline vapor in high concentration, gave results contradictory to all 
the rest as far as gas measurements were concerned—that is, the meas- 
urements seemed to show that most oxygen had been taken up in the 


*See effect of ammonia on ($2): Tech. Bulletin 11. 
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gasoline-treated chamber. Nevertheless, when run for longer periods 
afterward, the “extract plus hydroquinone” mixture in the gasoline 
chamber showed a reddish brown color not nearly so deep as that in 
the check gas-chamber containing air only, and the volumetric results 
then agreed with the results of the other experiments. The reason for 
the apparently contradictory results of the first and second parts of 
these two experiments was not understood until later. About a year and a 
half after these first experiments had been made (i. e. after the effect of 
gasoline upon the tissue reductase had been studied) it was decided to 
run a few more tests with gasoline-vapor, using a different method, in 
order to find out more surely if possible, the influence of this insecticide 
upon the absorption activity for oxygen of “insect tissue-extract plus 
hydroquinone” solution. The method decided upon was the old one 
(described in Part 1, Tech. Bull. IT) in which the percentages of the 
gases present were determined at the beginning and at the end of the 
test period; but a different arrangement of gas-containers and gas- bur- 
ettes was made to adapt the method to this problem. 

The arrangement of containers and burettes in the apparatus used is 
represented in Fig. III. As may be seen, the apparatus is an 
adaptation of that shown in Fig. 1, with the circulating pumps and 
absorption flasks left out. There were two duplicate systems—gasoline- 
vapor-air was used in the gas-chamber of one system and pure air in the 
other. Hydroquinone burettes enabled one to introduce the hydroquinone 
as described in the case of apparatus Fig. I. The two gas-containers had 
each two two-way cocks, and these enabled one to adjust the mercury 
manometers and to take gas samples for estimation from each container 
at the beginning and at the end of test-periods. The gas-burettes per- 
mitted one to keep close check upon changes in gas-volume in each sys- 
tem, the readings being made at the known temperature and barometric 
pressure. Irom the percentage determinations (since the cubic contents 
of each system was known) one could figure the amount of oxygen used 
and of carbon dioxide given off at 760 m. m. pressure and O°C., as well 
as the exact percentage of gasoline to which the “insect-extract plus hy- 
droquinone” solution had been subjected in the test. A set of results ob- 
tained with this arrangement of apparatus is given in table III. The 
total oxygen absorbed in the pure air chamber exceeded the total oxygen 
absorbed in the gasoline-air chamber, and the ratio a was a little 
higher in the gasoline-air chamber. By this method, as with the former 
method, howev er, it was found that if fresh extract were used for a short 
period, ‘the result might be contradictory to that given for a much longer 
or for a later period. with the same extract. 
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Fig. III. Shows half of a duplicate-gas apparatus used for studying the influence of 
various agencies on certain activities of insects and insect tissue extracts: a —= gas burette ; 


b = rubber tube connected with mercury mug; a’ = tube leading to duplicate gas burette; 
f = burette for hydroquinone solution or hydrogen peroxide or etc.; m = tube connecting 


gas container “ce” with a mercury manometer; th. thermometer; t = outlet of gas-cock, 
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This is illustrated in table III by No. 2, where in the first five hours, 
the fresh extract used 0.9 ¢c. c. more O, in the gasoline chamber than was 
used by its duplicate sample in pure air. When the same samples had 
then run undisturbed for nineteen hours, it was found on the other hand, 
ihat the pure air sample had taken up the most oxygen by 0.4 ¢. e. In 
No. 4 the stock extract was about five hours old when the samples were 
taken for the tests. Note that in this case, while the first test period of 
six hours showed more oxygen used in pure air, the longer second period 
gave an increased excess of oxygen used by the pure air sample. These 
results, taken with those obtained by the former method, seem to justify 
the conclusion that carbon disulphide and gasoline inhibit or lessen the 
rate of oxidation of hydroquinone in solution in the tissue extract of 
Passalus cornutus. Furthermore, in the case of gasoline, the effects on 
the rate of oxidation are not marked, unless the extract is a few hours 
old at the beginning of the test; and if perfectly fresh extract is used 
for a short period the results may be contradictory—apparently. As 
has already been mentioned, however, the series of experiments, results 
of which are recorded in Table III, were run after a study had been 
made of insect tissue reductase and of the effect of gasoline upon the 
reductase. This latter study, it is believed, affords an explanation of 
the apparantely contradictory results obtained when gasoline-vapor acts 
for short intervals upon freshly made ‘“insect-tissue extract plus hydro- 
quinone” solution. (See page 28.) 


(b) INFLUENCE UPON THE REDUCING ACTIVITY. 


Some evidence has already been given of the existence of a strong 
reducing power in the fresh extract of Passalus cornutus; namely, the 
reduction (when air is excluded) of the dark melanie pigment which 
develops in the extract through the influence of the oxidasie enzymes 
when tissue-extract has been exposed to the air for a while, and the 
reduction of methylene blue to Jeuco-methylene blue when air is ex- 
cluded from extract to which a little methylene blue has been added. 
Still other evidence may be given. If comparatively fresh “extract plus 
hydroquinone” which has already oxidized enough of the hydroquinone 
to quinone to give the solution a reddish-brown hue, is then confined in 
the absence of air or free oxygen for a few hours, the reddish-brown 
quinone will all be reduced; and if a little perfectly fresh extract is 
added before excluding the air, the reduction takes place more rapidly. 
Fresh extract stained blue with a little indigo carmine will reduce the 
stain to leuco-indigo carmine in the absence of free oxygen; and then, 
the reduced color body will oxidize and turn the extract solution blue 
again, if air is admitted—just as happens also when confined extract, 
holding leuco-methylene blue, is once more exposed to the air. After 
fresh extract has caused alcoholic guaiac to be oxidized to guaiac blue, 
if the entire mixture is then confined from free oxygen, the reducing 
bodies show their presence by reducing all guaiac-blue back to its former 
condition. Likewise, after tyrosin has been oxidized to the black melanic 
pigment, the latter can then be reduced by the extract, if air is excluded. 
In every case after reduction, oxidation may again be brought about if 
the confined extract containing the reduced body is once more exposed 
to air, 
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It should be explained here, perhaps, that the strength and persistence 
of the reduction-activity varied a little with different lots of beetles, and 
that it always seemed to be best in the case of beetles showing the great- 
est strength and vitality. 

Before discussing the effect of temperature, gasoline and other agen- 
cies upon the reductase, it will be best to describe briefly the method 
used in confining insect tissue-extract in the absence of air so that a 
study of its reductase activity under the influence of the various agents 
and conditions could be carried on in a manner which would permit 
of comparisons being made. Ag a rule, it was necessary to use small 
amounts of the extract and a method was needed by which the air could 
be excluded as completely as possible—and excluded quickly. After 
various means had been tried, the following plan was found to serve 
well. Small glass tubes of the same diameter and of practically the same 
length were heated and drawn out at each end to a fine capillary bore. 
The extract to be studied could be quickly drawn up to fill a tube, and 
then the capillary ends could be sealed at once by touching them in a 
hot gas flame. Fig. 2, Plate I, is a photograph of such a sealed tube. 
Methylene blue was the “substrate and indicator” most often used in 
making a study of the reduction activity. A standard solution of 0.1 
eram of methylene blue in 100 ¢. ¢. of distilled water was employed. 
Unless otherwise stated in giving the results, six drops of this standard 
solution from the methylene blue pipette were used to 4 c. ec. of the 
extract. (In most cases this ratio was found to be best.) The stain 
was thoroughly mixed with the extract and then the extract was divided 
into two equal parts—the one part to be treated for a certain time with 
the insecticide and the other, held as a check. Or, if two equal portions 
of the extract were taken at first, an equal number of drops of the stand- 
ard methylene blue was added to each from a graduated pipette at prac- 
tically the same time. At the end of the treatment period both parts 
were again shaken until they became a uniform blue. Then, from the 
treated and untreated stained extracts, tubes were quickly drawn full 
and sealed. Note was made of the period of time required for each tube 
‘to become reduced entirely free of the blue color. The time intervals 
given by this method for tubes of treated and untreated extract thus 
furnished the means for an instructive study of the influence of insecti- 
cides (or temperature, etc.) upon the reductase activity of any extract. 
Methylene blue showed a yery slight deteriorating influence upon the 
reductase, it was found, but in the method this is not to be regarded 
since the stain was added to the treated (with insecticide) and the un- 
treated portions of the extract at the same time in equal amounts as 
explained—all other conditions being the same for both portions of the 
extract, except the one condition under consideration. 

By this method the influence of temperature, chloroform, ether, alcohol, 
gasoline, formaldehyde, carbon disulphide, hydrocyanie acid gas, toluol, 
ammonium formate, sodium fluoride, borax, mercuric chloride, pyreth- 
rum, to-bak-ine and white hellebore was studied. Representative results 
are given in Table IV where the ratio between the time required to re- 
duce methylene blue in the check and the time requird in the case of the 
treated extract may easily be obtained. 
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TABLE IV.—INFLUENCE OF CERTAIN INSECTICIDE AGENTS ON THE REDUCING 
ACTIVITY (ON METHYLENE BLUE) OF EXTRACT FROM THE TISSUES OF PASSALUS 
CORNUTUS. 
(Solution of Meth. Blue =0.1 gram in 100 c.c. of dist. water.) 


{ . 
| Pesala aay Time required Time required 
Ee | before bein toreduce | to reduce 
7 Agent. drawn int Methylene | Methylene 
“FI tube and Blue in the Blue in the 
a treated extract. | check extract. 
i) sealed. 
| i | 
1. | Gasoline, 0.5 c.c. to 4 c.c. of the extract...... Omni eee DOMMIB to 4 one | 7 min. 
2. | Gasoline, 1.0 c.c. in 3 c.c. of the extract...... Sin je ees es bE a) Cho ee 14 min 
3. | Carbon disulphide, 0.5c.c.in3c.c. of extract...| 3 min........ 1 hr., 16 min..| 14 min 
4. Carbon disulphide, 0.5 c.c. in 3 c.c. of extract...| 23 min....... 3 hrs., 21 min.| 19 min 
5. | Alcohol, 0.5 c.c. to 2 c.c. of extract.......... DAVIN Gs cieyeleinces} MIN 264 cies 4 min 
6) “Alcohol)’0:5'¢.c;to' 2 (CC OF \OXtTACtn« sr ener lo Pec tray epee TO;mint |) sewer 2 min. 
7. | Chloroform, 0.5 c.c. to 2 c.c. of extract....... SaMin ves eis 48 ann... 0 8 min 
8. | Ether vapor, saturated...................-- SOON ee eles Sun ie 7 min 
9. ay ee 0.5 c.c. in contact with 2 c.c. of the ex- 
five atWe Byele nie tie, cists cieustoisphctoo eile aie Serene 5S MIN oes ee EL IN. See ero 
10. ronmmlachvae (40%) 3 drops in 2 c.c. of ex- 
EIACU i cde-iia tial crentociese hapuiie’ cc eee Hiaminie ee ois Still quite blue; 
after 24 hrs..| 10 min 
11. | Tobakine, 1 drop to 2 c.c. of extract......... Se Te ele sees e A Omir. eee 10 min 
12. | HCN., (from KCN and H2SOQ,) strong charge | Sen 
LO nun} [aired 20 in| Pie acne yee ors LONI er. oc 30 °minie eee | 4min 
13. | Treated in a very strong Cyanide bottle, 2 hrs. | 
(aired sot mii.) 255 cared ichs.ce siotieiee eee ZHATS cts we. s ete 1 hr., 50 min 55 min 
14. Beetles treated for 15 hrs. in Cyanide bottle,| ! 
and then aired 4 hr. before extraction.......|..........2000- VS Mins ses ere | 4 min. 
15. ' Toluol, 3 drops to 2 ¢e.c. of extract..........-. ASIMIN Gye otros 54 min.......| 24 min 
16; ~ )Poluel) (sametas'above) elm sls soe a eile Us) Fecbeayels Ae Ook BO teresa | 15 min 
17. , Pyrethrum, 0.5 c.c. dry powder to 2 c.c. of ex- | | 3 
CLACTON. eatheiebs- telcis sie a occtee telaicuees cierto fp AU aited sas Won AVMink «dec 14 min. 
18. | Pyrethrum (same as above)............20+05| ZC TID onvayere ete SSM ee eis 6 min. 
19. | Pyrethrum (same as above)..............00: Hy 2 ATS ear ene ere 1S hrs). te | 1 hr.) 25 man: 
20. | White Hellebore, 0.5 c.c. dry powder to 2 c.c.| | 
RS RORCTACH eter pelt cies (s: oeche aie iy even Clamp reae ers ie SIKILIN revo ons AST ies oeeatens | 3 min. 
21. | White Hellebore (same as above)............! LOM oa, tes LG Mmin'. es oes 5 min. 
22. | White Hellebore (same as above)............| ifs s 9 eis 35 Between 16 J 
| | and 18 hrs..} 1 hr., 40-min. 
23. | HgCl, 1 drop of saturated solution in 2 c.c. of, ; 
XLT AC Has vie lak eiecietale te tedaiois sloherticae) Maptterets SMI yeh oieus No apparent 
reduction : 
at allies 20 min. 
24. | NaF (sat. solution), 1 c.c. to 3 c.c. of extract; 
5 drops of Meth: Blue). ssio2 2... 2s.eer ete Sani 57 oases Gimines Sie | 3 min. 
25. | NaF (sat. solution), 1 c.c. to 3 c.c. of extract; | 5 
5 drops of Meth: -Blue...su..ceae seen es Db Minette {Sines 10 min. 
26. | NaF (sat. solution), 1 c.c. to 3 c.c. of extract; : : 
5 dropsiot Meth. Blues .is2. 3.2 a. okies cle aye « G5 ni... Fee 21 Mss be 1 hr., 50 min. 
27. | Borax (3 grms. in 100 c.c. water), 0.6 c.c. to : 
DiCie: OF Extracts isi. cee ieee ee tee 10min: 3. res DieMAn che > oe 10 min. 
28. | Borax (3 grms in 100 c.c. water), 0.6 c.c. to : : 
DiC .Gs Ol CXITACL aisle cictsinis otalore ataieleaieteteettnte SO Ming ee. lhr.,50 min | 46 min. 
29. | Am. Formate, 1 c.c. of solution to 2 c.c.) 
Ol CXETACE Foes co cietaps s eteis oielnlahe siteteteiatoteie ince SNELL ta ciel aloeets V5 HUE ea. es 5 min. 
30:)| ePemperatire's8°- Cis A. on eee eine PTUs ee baa shoe aaet 10hrs..| 2 hrs. 
ol} |) Temperatire OLE Stor 3 Bis aaecerten eos. cake cteveunt eo se ictenate After first Average of 
warming, fresh extract, 
34 min 13 min. 
32) | Memperatiure: 20°F. StOOG MOLD sTSyerethe crite ial tel sete ieee) ue onolets 6ihrs A. caeee 1 min 
33. | Carbon tetrachloride, 4 drops in 4 c.c. of ex- 3 : 
GTACE AS cies ote eee ete eorete es aoe bore Balas Gs cebhele oat a ae COIN ere ee 18 min 
34. | Air saturated with vapor of carbon tetra- 5 
ehlorideyati( Oe Hirer ois dtslelei steelers tates eaete 40 Min... 22. <2 5'|s 3% DIS. cease 0 1; hrs. 


The results as given here are designed only to show whether the in- 
fluence of the agent upon the reducing power of the extract is marked 
or not. The reducing activity of the tissue extract of P. Cornutus may be 
entirely destroyed by a continuous temperature of 100° C. for ten to 
fifteen minutes. While this high continuous temperature is necessary 
for complete destruction, the greater part of the activity is quickly lost 
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at 58° to 60° C. <A low temperature tends to conserve the reducing 
activity—indeed, it serves, at once, to conserve and to inhibit the reduc- 
ing power of the extract. No. 31 of Table IV gives a trial with extract 
kept for three hours at 0° F. When this extract was quickly but gently 
warmed to room temperature, it reduced methylene blue in 314 minutes, 
whereas extract that had stood exposed to the air at 70° for three hours 
required six hours to reduce the color. The checks of fresh extract at the 
beginning reduced the same amount of methylene blue in one minute and 
in 1144 minutes. The reducing activity of fresh extract seems to be 
best at a room temperature of about 70° to 80° F., but it rapidly 
deteriorates during the first five to six hours after extraction (at the 
room temperature) and gradually. more slowly afterward. This is true 
even when the fresh extract is confined from the air. For example, a 
certain check of perfectly fresh extract reduced its methylene blue more 
than six times faster than another portion of the extract (A) which 
was tested after its confinement from air for 114 hours from the moment 
of its extraction. Nevertheless “A” was 214 times faster in reducing 
its methylene blue than a third portion (B) of the same extract which 
had been exposed to the air during the 114 hour period. One might think 
from this that confinement from air tended to conserve the reducing 
activity. It is necessary to remember, however, that a dark melanic 
pigment developed in any extract (as “B”) exposed to the air, due to 
the influence of the oxydase present, and that a portion (as A) confined 
from air could develop no pigment. When “A” and “B” were finally 
given the reduction-test with methylene blue. then (at the end of 114 
hours in this example), the reductase in “A” had only methylene blue 
to reduce while that in “B” attacked the dark pigment as well as the 
methylene blue. It seems likely, therefore. that the longer time for the 
reduction of the methylene blue was required by “B” because of the 
greater work in reducing the melanic pigment in addition to the methy- 
lene blue, rather than because its reducing activity had become less than 
that:in “A”. 

Mention has already been made of the fact that when fresh extract 
is exposed to the air, it darkens first, only in a thin film at the surface. 
Also, if the fresh extract is allowed to stand after it has been stained 
with methylene blue and shaken so that the color is uniform throughout, 
it will be but a few minutes until the surface only will be blue—a re- 
duction of all color in the deeper portions of the container having taken 
place. After a time, however, the blue coloration will begin—slowly at 
first and then more and more rapidly—to extend deeper into the con- 
tainer; in the case of the unstained extract, the dark melanie pigment 
will gradually form more rapidly as time goes on. It was soon found 
that this increased rapidity in the reoxidation of the methylene blue 
and in the formation of the melanic pigment coincided or tallied with 
the deterioration in the activity of the reductase of the extract on stand- 
ing. That is to say, when the extract was new and its reductase still 
remained strong, it visibly held in check the work of the oxydase in the 
same extract. This proved as well to be the case when alcoholic guaiac 
or hvdroquinone solution was used in the extract as the agent to be 
oxidized. Now, as may be seen by Nos. 1 and 2 of Table TV. gasoline was 
found to be quickly and strongly deleterious to the reducing activity of 
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fresh extract of Passalus cornutus. The influence of strong gasoline- 
vapor upon the reductase was decided and much more marked than any 
influence upon the oxidase-activity—furthermore, the resultant-effect of 
gasoline-vapor upon the oxidasic action in very fresh extract was plainly 
due, in part, to the deleterious effect upon the reductase, since the latter 
was an inhibitor of the oxidasic processes. It was evident that in 
nearly elminating the reductase activity in the treated portion of a fresh 
extract, gasoline-vapor removed at once a greater inhibiting influence 
upon oxidasic action than it could itself exert—while in the check portion 
of the extract this inhibiting influence of the reductase continued for a 
few hours until it gradually disappeared through standing. Hence, a 
short period test of oxidase activity was sure to show that most oxygen 
had been taken up by the gasoline treated portion of a fresh extract. On 
the other hand, when the test with gasoline-vapor was made with extract 
that was a few hours old before the test began (and had thus already 
lost its strong reduction-activity) the inhibiting influence of the gasoline- 
yapor upon oxygen absorption in the “extract plus hydroquinone” solu- 
tion became readily apparent in either Jong or short period tests. Thus, 
an explanation was afforded of those apparently contradictory results 
obtained when studying the action of gasoline-vapor upon hydroquinone: 
oxidase activity. 

Table IV hardly shows the true extent of the deleterious effect of 
carbon disulphide upon the reduction-activity of fresh extract—since, 
in making check studies, it was found that methylene blue was slowly 
reduced by carbon disulphide alone, in the absence of air. However, 
that insecticide had little or no effect on indigo carmine, and when the 
latter was used as the test agent (14 grm. in 100 c. ec. dist. water), it 
appeared that carbon disulphide was much more decidedly harmful to 
the reduction-activity of the extract than the study with methylene blue 
would lead one to believe. 

It will be noticed from the table also that the amount of ether-vapor 
taken up by a water extract seemed to slightly increase or stimulate the 
reduction activity—whereas a small amount of liquid ether shaken up in 
the extract brought about noticeable deterioration in the reduction 
power. On the other hand, immediately upon being added in small 
amounts, a slight drop in the reduction-activity was caused by sodium 
fluoride, but after that it tended very markedly to preserve the reducing 
power of an extract (Nos. 24, 25 and 26 of Table IV). 

The table (IV) itself, perhaps, gives sufficient explanation of the 
results for the remainder of the agents tested in this connection. 


(c) EFFECT UPON THE CATALASES. 


Brief mention has already been made of the presence of soluble and 
insoluble catalases in the tissue-extract of Passalus cornutus. Loew 
found that the alpha (i. e. insoluble) catalase of tobacco was slightly 
soluble in water after a time, and this appears to be true of the corres- 
ponding catalase in the insect tissue extract. The soluble and insoluble 
catalases seem to be affected alike by heat and other agents, except 
that the insoluble form is a little more resistant in most cases. The 
tissue-pulp or crude water extract of P. cornutws may be dried without 
destroying the ability to liberate oxygen from hydrogen peroxide, but 
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long continued drying injures that ability. A temperature of 59° C. 
for 10 minutes is sufficient, usually, to destroy almost all the catalase 
activity in the pulp or crude water-extract from this beetle, leaving the 
oxydasic power of the same pulp or extract still very active toward 
guaiac or tyrosin. Sometimes an extract was found to show a little 
greater resistance to heat; and in any case, if one wished to be sure of 
destroying absolutely all catalase activity toward hydrogen peroxide, so 
that small bubbles of oxygen would not appear even after several hours, 
a temperature very near the boiling point was required. It was possible 
to separate the soluble catalase from its solution but not to free it from 
proteins. The catalase was carried down with the protein precipitate by 
either half or full saturation with ammonium sulphate or with the pre- 
cipitate by alcohol; and the precipitate from full saturation with am- 
monium sulphate was found to contain practically all of the catalase. 
In making a quantitative study of the influence of insecticide agents on 
the catalases one could obtain a little more uniformly constant results 
by using a fairly clear solution in which any insoluble particles present 
would be extremely fine, so that they would remain in suspension for 
hours. The results given in Table V are therefore taken from a study 
of the influence of certain agents upon the catalases in such an extract 
solution from the tissues of P. cornutus. The beetles were extracted 
in the usual way (i. e. digestive tract removed, etc.), using distilled water 
at the rate of about 12 ¢. c. to 5 beetles. The crude extract was filtered 
through linen of very fine mesh. Two cubic centimeters of this tiltrate 
were then measured out and diluted to 10 ¢. ¢ with distilled water. 
In this way an almost clear dilution was obtained in which the fine 
particles remained in suspension for hours; and by agitating the dilu- 
tion just before dividing it, one could obtain entirely uniform samples. 
In every test, 2 c. c. of this diluted extract were measured out into a 
small stender dish and submitted to the treatment under consideration 
for the required time. <A check of 2 ¢. ¢. was also measured out. In 
some cases where gases or vapors were used, the stender dish with treated 
extract was allowed to air for a certain period before the final test with 
hydrogen peroxide was made. For measuring the amount of oxygen 
liberated from hydrogen peroxide by the treated portion of the extract 
and by the check, the apparatus represented in Fig. III was used. As 
has already been explained, this apparatus was in duplicate so that the 
test with the treated extract could be run in one and the check in the 
other duplicate. After the stender dish of extract had been introduced 
into the gas-container. mercury seal was made at the mouth of the 
container. The mercury manometer was adjusted level, and 
the reading of the gas-burette taken. Then 5 c. c. of hydrogen peroxide 
were drawn in form burette “f”.. As oxygen was liberated and the volume 
of the gas in the container increased, the mercury in the gas-burette 
was lowered until the manometer was once more level just at the end 
of 10 minutes. Then the reading ofthe gas-burette was again taken. 
The increase in volume less 5 ¢. c. (i. e. 5 c. c. of H,O,), represented, the 
oxygen liberated. Any variation in the volume of oxygen liberated by 
the treated extract from the volume liberated by the check,. 
therefore, was due to the influence of the treating agent, since all the 
other conditions were the same for both extracts. After an extract was 
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a few hours old (i. e. after the reductase had become weak) there was 
little change in the catalase activity during the next 24 hours (or even 
48 hours if the extract were kept covered at near freezing). On this 
account, it was not always necessary to run a check for each test in a 
series when treated extract-samples from the same dilution were used. 
Instead, a check could be made at the beginning of the series and another 
check held until the end. If a perfectly fresh extract were used, however, 
the checks had to be run more often, because the strong reductase present 
inhibited the catalase a little; and as the former weakened on standing, 
the catalase was able to liberate more oxygen in a ten-minute period. 
Tor example, in one extreme case, 2 ¢. ¢. of a fresh extract dilution gave 
(with 5 ¢c. c. of hydrogen peroxide) in 10 minutes, 54.5 ¢c. c. of oxygen, 
while 2 ¢c. ce. of the same dilution kept at 40° F. over night liberated 61 
c. ce. of oxygen in 10 minutes. In another case using the same method, 
2c. ec. of a fresh extract-dilution liberated 32 c. ce. of oxygen while its 
check 3 hours later (at room temperature) liberated 34 c. ec. of oxygen. 
It should be added that after this rise due to the passing of the reductase 
activity, the ability to liberate oxygen from hydrogen peroxide gradually 
diminished during longer periods of time. 

About 75 quantitative tests were carried out by the methods deseribed 
above to determine the effects of certain insecticide agents upon catalase 
activity. Representative results of these tests are recorded in Table V. 

In discussing the influence of hydrocyanie acid gas on the oxidasie 
activity of the insect tissue-extract toward alcoholic guaiae, it was 
stated that, when the test was made immediately after treatment, the 
guaiac turned blue very much more slowly than in the check. On the other 
hand when the treated extract was allowed to stand in the air for a while, 
the influence of the cyanide gas gradually passed off until the treated 
extract would oxidize the guaiac almost as rapidly as the check. In 
other words, there was a partial progressive recovery. Table V shows 
that this insecticide agent behaved in the same manner toward the hy- 
drogen peroxide catalases. In the experiment, results of which are given 
in the table, a little more than 6 ec. ec. of extract was kept in a strong 
cyanide bottle for 17 hours. At the end of that time, it was removed 
to the open air. After airing only 5 minutes, a test was made with 
5 ¢c. ec. of hydrogen peroxide and in the following ten-minute period 2 
c. c. of this extract liberated only 5.5 ¢c. ec. of oxygen—the check, in the 
same time, liberated 55 c. c. of oxygen. After airing for 2 hours, 2 
c. c. of the same treated extract liberated 17 c. c. of oxygen; and after 
standing in the air for 8 hours until almost all odor of the cyanide gas 
had disappeared, 2 c. c. of the treated extract caused 26.2 c. c. of oxygen 
to separate from the 5 ¢. ec. of hydrogen peroxide in a ten-minute period 
—the check giving 55 ¢. c. of oxygen. Other tests gave similar results, 
so that there is no doubt of a partial, progressive recovery of the catalase 
activity toward hydrogen peroxide in an extract treated with cyanide © 
gas upon standing in the open air. Furthermore, the results of these 
tests seemed to show that both the soluble and insoluble catalases in 
the dilute extract had been affected and that both had recovered the 
greater part of their activity after the passing of the poison. In order 
to make more certain that this was the case, a few experiments were 
tried in which hydrocyanic acid gas (from KNC -+ dilute H,SO,) was 
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made to act upon the two catalases separately. The crude extract was 
filtered. Then the clear filtrate, containing the soluble catalase, was 
diluted and treated by the method already described. The residue on 
the filter was washed as nearly free from the soluble catalase as possible, 
after which it was shaken up in a small amount of distilled water. This 
water containing the insoluble catalase in suspension was then divided 
into equal samples to be treated as in the other experiments. Charges 
of hydrocyanie acid gas sufficient to render specimens of P. cornutus 
helpless and quiet in 3 to 4 minutes were used. Such a charge of cyanide 
gas is much stronger than that used in ordinary fumigation. The charges 
were applied 40 to 45 minutes. (This was a longer time than was really 
necessary to kill specimens of the beetle.) The experiments showed that 
over 95% of the activity of the soluble catalase and only about 52% of the 
activity of the insoluble catalase was suspended at the end of a 45-minute 
period. There was 88% recovery, or more, (after the treated extract 
stood 15 hours at about 34° IF.) in case of the soluble catalase, and 
about 21% recovery of the actiyity of the insoluble catalase toward 
hydrogen peroxide. The insoluble catalase seemed to show the greater 
resistance, but once its activity had been hindered by the poison, great- 
er permanent injury resulted than in the similar event with soluble 
catalase. 

A number of tests were made to determine whether any such recovery 
of the catalases in an extract would obtain, after treatment with hydro- 
chlorie acid instead of with hydrocyanie acid gas. In preparing a treated 
extract and its check for this test, when 1 ec. ¢. of a5 acid was added 
to 2 ¢. ¢. of extract, then 1 ¢. ¢. of distilled water of the same temperature 
as the acid was added to the 2 ¢. e. check extract in order to keep the 
same dilution in the two portions. The tests were run in the apparatus 
already described. Numbers 22 and 23 in Table V show that 5 hydro- 
chlorie acid was quite destructive to the catalase; and there was no 
apparent recovery, even upon long standing, if the treated extract and 
its check were kept at a temperature not far above freezing during the 
long period of treatment. Upon standing after the first decrease in 
catalase activity, three cases of increased activity for liberating oxygen 
from hydrogen peroxide did occur in some of the early tests with hy- 
drochloric acid. However, the increase in these three cases was really 
brought about by decay which (in a warm room) the weak acid used did 
not entirely prevent, for long, in the extract. With the precaution of 
keeping the extracts in the cold (near freezing) during the treatment 
period, no example of increase in catalase activity at any time after 
treatment with hydrochloric acid, up to 19 hours, was observed. It 
may be added that the deleterious action of this acid upon the reducing 
power of the extract was not so great as it was upon the catalase 
activity. 

The series of tests, results of which are recorded in Table V to show 
the effect of heat upon the catalases, are for short-interval periods only. 
Other experiments showed that when the treatment-period was length- 
ened, temperatures yet lower than 52° C. showed appreciable injury to 
the catalase activity. For example, at a temperature ranging from 45° 
to 46° C. for two hours, the ratio of the volume of oxygen liberated in 
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a test by the heat-treated extract to that liberated by its check was 
= = 0.87. 

Some of the agents readily showed a slight acceleration of the catalase 
action, when used in small amounts. Attention may be called to gas- 
oline and alcohol in the table (V) as illustrating this fact. The manner 
in which some of the insecticides (especially gasoline) appear to hasten 
oxidasie activity because of their deleterious action on the reducing 
power, when they were first applied to fresh extract, has already been 
described. It seems very likely that the slight acceleration of the catalase- 
action, at first, when an extract was treated with small amounts of the 
above insecticides, may have (in part at least) much the same explana- 
tion. That is, small amounts of gasoline, alcohol, and perhaps a few 
others, in attacking the reductases deleteriously before they attacked 
the catalases, removed a stronger inhibiting influence over the catalase 
than they themselves exerted, so that a resulting initial acceleration of 
the catalase action immediately followed. Strong treatment with the 
insecticides, however, so greatly hindered the catalase (as well as the 
reductase) activity, that there was a lessening of the volume of oxygen 
liberated from hydrogen peroxide. In the case of alcohol the deleterious 
effect of strong or more prolonged treatment was quite decided. Nos. 
18 and 20 of Fable V show that while 0.5 ¢. c. of absolute alcohol added 
to 2 ¢. ec. of extract caused more oxygen to be liberated from hydrogen 
peroxide after a period of 10 minutes treatment, 1 ¢. ¢. of alcohol in 2 
c. c. of extract for 45 minutes before the test brought the ratio of oxygen 
liberated by the treated to that liberated by the untreated extract down 
to 0.089. That is, the stronger treatment not only overcame the lead 
of the first increase, but reduced the catalase activity much below that 
of the check. The effect of strong, prolonged treatment with gasoline 
vapor was not so marked; it was sometimes barely able to overcome the 
first lead or increase in catalase activity—(the lead or increase which 
was due, as has already been suggested, to the removal of the inhibiting 
reductases). This is illustrated by the two experiments recorded in 
Table V, Nos. 6 and 7. In no case of strong treatment with gasoline 
vapor was the amount of oxygen liberated brought much below that of 
the check. 

Ammonium formate and ammonium oxalate were used in the series 
of tests because they are known to be products formed when hydrocyanic 
acid gas breaks down in air. Ammonium formate, in any amount tried, 
permanently injured the catalytic action of the extract toward hydrogen 
peroxide, as illustrated in the table (V). Ammonium oxalate, on the 
other hand, served to slightly accelerate the liberation of oxygen from 
hydrogen peroxide by the catalases. 

The influence of the other agents, so far as tested, are either made clear 
in the table or may be referred to later i in discussing powdered solid con- 
tact insecticides. 
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DO THE CONTACT INSECTICIDES UNDER CONSIDERATION ACT UPON 
OXIDASES, CATALASES OR REDUCTASES IN THE LIVING 
TISSUES OF INSECTS TO CAUSE DEATH? 


The experiments just described showed that the contact insecticides 
under consideration did interfere with the activity of the oxidases, cata- 
lases and reductases in the tissue extract of P. cornutus. In the con- 
centrated form, such insecticides affected all three of the enzymes (if 
they may be so called) but usually not in the same degree. It was clear 
that carbon disulphide, for example, affected the oxidases and catalases 
more strongly than it affected the reductases—while gasoline, on the 
other hand, had its most deleterious influence upon the reductases. 

Trial showed that oxidases, catalases, and reductases existed in the 
tissue-extract of many caterpillars, pupae and adult moths, as well as in 
the adults and grubs of various beetles. Also, reference has already been 
made to the work of Batelli and Stern* in relation to oxydones in insects. 
These authors, in the same year (1913), again described tyrosine-oxidase, 
polyphenol-oxidase, and oxydones in several forms of insects. Besides, 
a few other scattered references in literature briefly (often covertly) re- 
late the occurrence of oxidases in the blood or in extracts from various 
lepidoptera, beetles and diptera. Loew has recorded the presence of 
catalase in three different beetles. In fact, the occurrence of oxidases, 
catalases and reductases in extracts appears to be as general among 
insects as among other forms of life. 

Further experiments showed that extracts from tomato-worms did 
not give the test for oxidase with alcoholic guaiac but hydroquinone- 
oxidase and tyrosin-oxidase were clearly present as well as reductases 
and catalases. Moreover, the influence of gasoline and carbon disulphide 
upon the activity of extracts from white grubs (both Lachnosterna and 
Allorhina) and tomato worms was similar to that already recorded in 
connection with extracts from specimens of adult P. cornutus. 

With these facts established, the question remained as to whether 
oxidases, catalases and reductases in the living tissues of P. cornutus 
became deleteriously affected by ‘contact insecticides used in such 
amounts and for such periods only as were necessary to kill. That 
catalases and reductases, as found in the tissue extract of the insect, 
really existed in the living tissues (and were not after-products of the 
tissues in the extract) seemed reasonably certain. If hydrogen peroxide 
were introduced directly into the tissues in any part of the body of a 
living beetle, oxygen became liberated at once with great energy; and the 
reducing power of living animal tissues, generally, for methylene blue 
is well known. In technical bulletin 11 (this station), page 52 is refer- 
ence to the fact that living beetles, in the absence of oxygen gas, reduced 
large amounts of indigo carmine and methylene blue which had been 
injected into the body tissues by means of a fine hypodermic needle. Even 
in the open air, a small amount of methylene blue, injected into the tis- 
sues of a beetle’s body, became entirely reduced. When the reduced 
(leuco-) methylene blue was collected for excretion by the cells of the 
Malpighian tubules, however, it became oxidized to the blue color again 
in those cells. Still, this reoxidation of the color-body did not neces- 


*Batelli and seat BA lhe Zeits., 1913, 56, 59-77). Rev., J. of the Chem. Soc., Vol. 
103-104, part i, p. : 
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sarily imply or prove the presence of oxidase activity, and no entirely 
satisfactory method of visibly demonstrating oxidase activity in the 
tissues of living uninjured insects was found. Upon studying the case, 
however, there was nevertheless found to be visible evidence of almost 
positive oxidase activity naturally present in certain living cells of 
most insects. The facts which set forth this evidence follow :— 

The wing covers of newly emerged adults of P. cornutus were almost 
without color—pure white. They gradually began to brown, becoming 
darker and darker until they finally appeared jet black—and by that 
time, they were entirely dry and hard. When the dry, black wing covers 
were crushed and tested they were found to contain catalase and an 
(almost) insoluble tyrosin-oxidase (see Fig. 5, Plate I); reductase ac- 
tivity was practically absent. The dark coloring matter of the crushed 
wing-covers appeared to be identical with the dark pigment which 
formed when the insect-extract or blood was exposed to air. Moreover, 
this melanic pigment in both cases was like the melanie pigment ob- 
tained when tyrosin, in solution, was oxidized by insect tissue-extract. 
(Tyrosin is a protein derivative). The wing-cover pigment, as well as 
both the other pigments just mentioned, could be reduced by confining 
it in the absence of oxygen with fresh tissue-extract which was rich in 
reductase activity. The coloration of newly emerged insects could be 
entirely stopped at any stage by dropping the insects into boiling water 
and keeping them at that temperature for about 20 minutes. Again, if 
white, newly moulted insects (Periplaneta Americana was used) were 
submerged in CS, and kept there, almost no dark coloration developed. 
Also (as has been generally found by experience) in order to preserve 
_ white grubs and pupae in aleohol without darkening or discoloring, they 
first had to be treated with boiling water. That is to say, some means. 
(such as heat) appeared to be necessary to destroy the oxidase activity 
before placing the white adults, grubs or pupae in alcohol; otherwise, the 
inhibiting action of the strong reductase, present in the living body, 
rapidly passed after death, and the oxidase (which is injured but not 
entirely destroyed by alcohol) then brought about oxidation and blacken- 
ing of the tissues. Likewise, since an oxidase which could oxidize ty- 
rosin was present in the wing-covers and outer integument of P. cornutus 
and the cockroach (Periplanela Americana) it appeared that the cutic- 
ular excretion poured out from the hypodermal cells beneath the old 
integument before it became moulted—the excretion which went to form 
the integument of the newly moulted insect—contained not only the ty- 
rosin-oxidase but also a tyrosin-like derivative (i. e. some similar organic 
derivative) which oxidized, under the influence of the oxidase, to form 
the brown or melanie coloration of the integument. These added in- 
stances of the activity of an oxidase did not, so far, prove its presence 
in living cells. The evidence showed, however, that in blood exposed to 
the air, in extract of the tissues exposed to air, in the cuticular integument 
of the newly moulted adult beetle and in the tissues of the dead grub 
and pup# (killed by some means that does not destroy an oxidase) a 
very similar, if not an absolutely identical, melanic pigment developed 
under the influence of an oxidase in every case—and more rapidly as the 
reductase activity passed. Moreover, these instances of melanic pigment 
formation served to call to mind the fact that in certain cells of the 
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compound eyes of insects, and of the ocelli of insects and spiders, and 
in the hypodermal cells forming the circular boundary of ocelli, there 
was to be quite commonly found a melanic pigment which had its origin 
in the cells during ontogenic development. In view of the proven cases 
of melanie pigment formation through oxidase action cited above, the 
inference that the development of melanic pigment in certain eye and 
hypodermal cells was an example of a similar oxidase acting upon some 
constituent of the cells, themselves, seemed to have justification. Other 
similar evidence might be given all tending to show that melanic pigment, 
in animal tissues, develops through the oxidation of some organic con- 
stituent of the tissues—under the influence of an oxidase* acting after 
the tissue-reductase has been either weakened or destroyed by some 
means. 

In order, then, to learn something finally concerning the effect of a few 
contact insecticides (when used only in such amounts as were necessary 
to kill) upon oxidases, catalases and reductases in the living tissues of 
P. cornutus, the method of study was varied as follows: 

Insects were killed by the insecticide agent to be studied, using various 
amounts of the agent for the length of time necessary to kill. The bodies 
were then extracted by the method already described, as soon as the 
insects were considered dead or beyond recovery, and the strength of the 
oxidase, catalase and reductase activities in this extract was compared 
with that in a fresh extract similarly prepared from the same number of 
untreated insects. Tests were made in this manner using heat, hydro- 
eyanie acid gas, chloroform and carbon disulphide. It will be appre- 
ciated that it was impossible to check the factors of time, original 
strengths of catalase, oxidase and reductase in the extracts, ete. by this 
method as accurately as they could be checked in the former method 
where samples were taken at the same time, from a single extract, for 
study. Nevertheless, the results showed certain things very satisfactorily. 

The extract from gasoline-vapor-kilied beetles was always much weaker 
in reductase activity than the check, while the catalase and oxidase 
activity remained much the same. For example, when two beetles were 
treated with about 3% gasoline vapor for 20 hours, it required 4 hours 
for the treated extract to reduce a certain amount of methylene blue 
—the check accomplishing the same reduction in 10 minutes. Prac- 
tically no difference could be seen in the rapidity with which alcoholic 
guaiac was oxidized; and a check-extract-sample liberated only 2 ¢. ¢. 
more of oxygen from the standard hydrogen peroxide than a similar 
sample-extract of the insects killed by gasoline. 

The extract from beetles killed with carbon disulphide was always 
quite white or very light straw color at first and it remained so for two 
or three hours, usually, before it began to darken. That is, oxidase 
action always appeared to be almost entirely absent, at first. After a 
few hours, however, this activity became partly recovered. Catalase- 
action was usually injured one-half or more, and the reductase much less, 
so that it was relatively strong, at first, as compared with the oxidase 
activity. 

Reductase in the extract of beetles treated 244 hours with strong 

*Hammarsten (Mandel) in his ‘‘Physiological Chemistry” quotes Fiirth with Schneider and 


Prisbram, Gessard, Neuberg and Dewitz as having shown the presence of tyrosinases in 
insect-tissue and sepia, in melanotic tumors and in pigmented skin. 
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chloroform-air was found to be, at the end of that time, 1614 times 
weaker than the check. The oxidase was apparently uninjured; some- 
times it seemed a little more active than in the check. The catalase 
showed but little injury. 

Hydrocyanic acid gas caused great interference with the activity of 
the oxidase. For example, three beetles were treated in a cyanide bottle 
15 hours and then aired one-half hour before being extracted. This 
extract remained light or whitish in appearance for 2 hours before it 
began to darken at the surface in contact with the air, and before it 
would begin to show any indication of bluing guaiac. The check re- 
quired only about 2 minutes to bring about a decided bluing of guaiac. 
The catalase-activity was quite strongly interfered with, at first; but 
the reductase required only about 9 times longer to reduce its methylene 
blue than the check. 

Extract from beetles kept at 44° to 46° C. for 214 hours, until dead, 
showed little loss in catalase activity—but more in its oxidasic and 
reductase activity. The oxidase was about 7 times slower, and the 
reductase about 21 times slower than the check. 

Clearly, the results given by the last method corresponded very well 
with results obtained by the former method where the effect of the 
insecticide upon oxidase, catalase and reductase in the ready-prepared 
extract was studied. It is true that in every case the beetles were killed 
by the insecticide agent without the entire destruction of any one of 
the three enzymes—but never without greatly injuring one or more of 
them. Also, as will be observed, if the reductase were strongly injured, 
the oxidasic enzymes were usually little injured or apparently not at all; 
and conversely, if the oxidase and catalase were greatly injured by the 
insecticide, the reductase was little injured. Thus, the natural or normal 
balance of catalase, oxidase and reductase activity was disturbed. 

The question may now be repeated: Is this deleterious effect of the 
insecticides studied, upon the oxidases, catalases or reductases, the cause 
of death? It is hardly possible that the three enzyme-like bodies named 
in the question could be so universally present (with activities so ap- 
parently coordinated) in tissue extracts and in the living tissues, if they 
were not of vital importance. They surely accomplish oxidations and re- 
ductions in the living tissues and much evidence indicates that they 
are a part, at least, of the machinery of internal respiration. It has 
been shown that P. cornutus cannot be killed or rendered beyond re- 
covery, by certain contact insecticides studied, without decided injury 
to one or more of the three activities—oxidase, catalase or reductase. 
This fact, taken in connection with what has been shown to be true of 
the influence of those same insecticides upon the respiratory rate and 
the respiratory-quotient, supports the view that oxidase, catalases and 
reductases have to do with the starting and carrying forward of cell 
respiration. If that view is true, then the deleterious effect of the in- 
‘secticides (named in this connection) upon oxidases, catalases or re- 
ductases in insects must be an important factor—perhaps, in some cases, 
the determining factor—in causing death. 

No special study has been made of the influence of various contact in- 
secticides upon the protoplasmic activities which carry forward life- 
processes in the nervous tissue cells of insects. Such a study in this 
connection would appear to be of next importance, since all the volatile 
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insect fumigants are more or less narcotic in their action. Shiro Tashiro 
has found, by means of his new apparatus for estimating exceedingly 
minute quantities of carbon dioxide produced in nerve fibres, that ether 
and urathane “diminish CO, production from isolated nerve fibre”’*— 
although he was not working with insects. 


CONCERNING THE INFLUENCE OF GASOLINE-VAPOR, ETC., AND LIME: 
SULPHUR SOLUTION UPON THE PASSAGE OF OXYGEN, RESPECTIVELY, 
THROUGH FAT OR LIPOID, AND CERTAIN WAX MEMBRANES. 


It has been made clear that gasoline deleteriously affected the re- 
ductase activity far more quickly and severely than it did that of the 
oxidases; and further that, since the presence of a strong reductase 
tended to partly hold in check oxidase-activity, the quick lowering 
of reductase-activity in a gasoline-treated extract caused the latter to 
show greater oxidase power for a while than an untreated check of the 
same extract. This was true when the test was made with fresh extract 
in the presence of gasoline vapor. But in such tests as the last, made 
with extract that had already lost the greater part of its reductase- 
activity, the fact will be remembered that a less amount of oxvgen was 
used by the “extract plus hydroquinone solution” (and less quinone was 
formed) in the presence of air containing gasoline vapor than by the 
check in pure air. 

When an extract a few hours old was treated very strongly with gas- 
oline and then test was afterward carried on in fresh air, however, 
oxidase activity did not appear to have been greatly lessened. The 
suspicion therefore presented itself that the lessened oxidation of hydro- 
quinone occasioned by the extract in the presence of gasoline-vapor. as 
well as also the lessened use of oxygen by insects deeply under the in- 
fluence of gasoline-vapor, was partly due to some other cause than injury 
of the oxidase or reductase by gasoline. 

As has been mentioned several times, the first and most noticeable 
fact in connection with the tissues of an insect strongly treated with 
gasoline vapor, as well as with tissue-extract so treated, was the solvent 
action of the gasoline upon the fats and fat-like bodies (lipoids) ; or, 
looked at from the other point of view—the insistent fact was the solu- 
bility of the tissue-fats and, lipoids for gasoline vapor. Lipoids were 
found to be present in or around the cells of insect tissues. For example, 
a semi-transparent lipoid residue was obtained by extracting the washed 
muscles of P. cornutus with ether containing a little alcohol. This was 
perhaps to be expected, since the almost universal occurrence of lipoids, 
especially such as lecithin, in animal cells and animal fluids has been 
recognized for several years. This lipoid residue obtained from the 
washed muscles of P. cornutus absorbed gasoline readily. The condition 
therefore seemed to obtain that wherever the lipoids might be found, in 
the body fluids (blood)—where they certainly were present—in the 
protoplasm boundary layer of the cells (Overton) or in the complex of 
the cell-protoplasm itself, gasoline would surely also be present in an 
insect under the influence of that insecticide. In any such case the 
insect tissue cells would be enveloped by blood holding gasoline in solu- 
tion ; the ends of the trachaeoles would be permeated by gasoline. Could 

*Am. Jour. of Physiol., Vol. 32, 1913, No. 11, p. 117. 


See also same Journal pp. 137-145. 
See also same Journal Vol. 34. 1914, pp. 405-413. 
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it be that this ready solubility for gasoline of the fats and lipoids of 
insect-tissues furnished a means for hindering the absorption of oxygen 
by the tissues, or lessening the oxidation of hydroquinone by the oxidase 
of insect-tissue extract in the presence of gasoline? It seemed that such 
might be the case, if in fact it should be found that gasoline, held in 
solution by fats and lipoids, lessened their solubility for oxygen—and by 
so doing, lowered the rate at which atmospheric oxygen might pass into 
an extract, or from the trachaeoles (or by any path) through the fluids 
bathing the cells, on into the cells to those agencies which (in life) 
utilize the incoming oxygen. Accordingly plans were made to determine 
what change the absorption of gasoline-vapor by a lipoid membrane, such 
as a lecithin membrane (or by a fat membrane) would have upon the 
rate at which oxygen passed through it. For the series of experiments 
to be made in this connection, it did not seem necessary or even desirable 
to use the fat or lipoids derived from insects. Clearly, the advantage 
would lie in eliminating all possible variable quantities. On that account, 
a comparatively pure fat and lipoid, each of which would be uniform and 
easily obtained, was desired. Several preliminary quantitative absorp- 
tions of gasoline-vapor, using definite amounts (8 grams) of lard, lan- 
olin, lecithin, cholesterin, and (for comparison) egg-yolk and egg-albu- 
men were first carried out. Some representative results of a few of 
these absorption tests are given in Table VI. The apparatus used was 
that represented by Fig. III, except that the hooked U-tube “u” and 
the burette “b” were not needed. The 3-gram quantity of lecithin (or 
egegwhite, etc.) was placed in a standard stender dish—so that the same 
absorbing-surface was exposed always—and the dish was then floated 
upon mercury in the gas-container “g. c.” Most of the tests were made 
over rather short periods, during which the barometer and thermometer 
remained practically constant. Checks showed that in pure air the 
volume of gas enclosed with the absorbent (fat, ete.) which was being 
tested remained unchanged over similar periods of time. In the tests, 
a loss in volume as shown by the gas-burette was therefore the measure 
of the “gasoline-vapor” that had been absorbed. At the end of each test 
the percentage of gasoline-vapor still present was determined from a 
sample taken from the gas-container—using the “Nordhausen sulphuric 
acid” method of estimation already described in the former bulletin. 


TABLE VI.—COMPARATIVE SOLUBILITY OF GASOLINE-VAPOR IN 3 GRAMS, RE- 
SPECTIVELY, OF LECITHIN, EGG-WHITE, ETC. 


Volume | 
(S) Per cent 
a | Material. Temperature. | gasoline vapor oe ieee | Time used. 
a | | at end of test. |yapor absorbed., 
ele 
Mita two CCitHiID. <a.ce0. Solas ieee PAD AM Oldie cara stl ALS S taba ° TY Ri chal beens ape | 
1. ih Egg-albumen........... ac gs we pest; aioe ee OMG: Fn hier min 
5) 1D; Vee ADIGE. heeds nis fee 24 oO aactaz SLOG a or ORIACH CH. 4h a] 40 niin 
a: Vb: Ege yolki(fresh)\< 5 5.2/0 OSI 7 OG) peo odOGaE cee 2 Onl Gc. alt = i 
Bi Egg-yolk (fresh)............ DEO Ose WOMB Ope 8 ese ([Or1'c. Gy 28s. pe eO anime 
4, Gholesieninise aches): 5 ne eers PA hate} CHS wo ge 1 8 Oe seis Peres ORG CX Gates ‘| 20 min. 
5. Ree yor Ae (fertile egg) after 4 : 
Ays incubations. ste ....2 24 O23C Aaa pate: Ad Sa LOC: Chee: 60 min. 
6. Bee -yoe (fertile egg) after 5 ; 
ays incubation.......... 22.42 Cees EEONG tec rents 1 28301Cs eters ote 30 min. 


— 


The lecithin (H. P. from egg, Merck) was used, as received from Merck, 
in the form of a paste; and in the case of cholesterin the soft dry powder 
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was used. The ready capacity of lecithin to absorb gasoline-vapor, from 
air containing it, is illustrated in the table. In connection with the 
solubility of egg-white for gasoline, it must be remembered that even 
egg-white is not pure albumen, but that it contains a mesh of extremely 
fine membranes of keratin and a very small amount of fats, lecithin, and 
cholesterin. The largest absorption of (3%) gasoline-vapor by 3 grms. 
of egg-albumen was that given in Exp. No. 2 (0.7 ¢. c.). A surprise 
came in finding the comparative solubility of fresh egg-yolk for gasoline- 
vapor as shown in the table. The results obtained in connection with 
fresh and incubated egg-yolk will be referred to again under the next 
heading. 

_ After these preliminary tests and other trials, lard was selected as 
the fat and lecithin as the lipoid which seemed best adapted for the 
purpose (according to the plan mentioned above) of being spread into 
membranes to be used in determining the effect of gasoline-vapor upon 
their permeability to oxygen of the air. However, a few tests were made 
with membranes composed of a mixture of lard and lecithin, and also 
with lanoline membranes. All these membranes were prepared, and 
manipulated to obtain the results required by the plan, as follows: 

A very light India muslin was used for the sustaining fabric, and over 
this the lecithin (or lard, etc.) was spread in a thin sheet entirely cover- 
ing the fabric and filling its meshes to form essentially a lecithin (or 
lard, etc.) membrane. In making use of such a lecithin membrane, for 
example, it was placed as a cover over the mouth of a small preparation 
dish (4 em. in diameter), which had been almost but not quite filled with 
concentrated lime-sulphur solution. The cover was then fastened down 
“lecithin tight” with a thin metal band, thus enclosing a small air space 
above the lime-sulphur in the preparation dish. Great care was used 
in order that the lime-sulphur might not wet the lecithin cover, and 
the dish was floated up on mercury in the gas container of the apparatus, 
Vig. III. In this position, the covered preparation dish was allowed 
to stand a few hours. Then the mercury manometer “m” was adjusted 
level. The thermometer and barometer readings, the time and the read- 
ing of the gas-burette “a” were all recorded. After a certain definite 
period all these readings were recorded again, the mercury-manometer 
having been first leveled once more through adjusting the height of the 
mercury column in the gas-burette “a”. In this manner, the rate of 
volume-decrease of the air in the gas-container “c” was determined. The 
decrease was due to a decrease in the amount of oxygen in the air of 
the container holding the membrane-covered dish of lime-sulphur solu- 
tion. This was definitely proven by determining the percentage of oxygen 
in the air from samples taken from the container immediately before 
the tests began and immediately after the last set of readings were 
recorded—the volume of air used in the container during the test being 
known. Since the conditions of the experiment have been outlined, it 
will be clear that this rate of decrease in oxygen was the rate at which 
oxygen was passing through the lecithin membrane—or whatever mem- 
brane was used to cover the preparation dish. From the beginning of 
the test, the lime-sulphur solution absorbed oxygen gradually and stead- 
ily from the small air-space above it. Just as constantly, oxygen was 
given off from the under side of the membrane (to the small air-space 
above the lime-sulphur) and taken up or absorbed by the upper surface 
of the membrane from the air of the container—the volume of which was 
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comparatively large. The prime condition was (it will be remembered) 
that the lecithin cover (or lard, ete.) closed the preparation dish “lecithin 
tight.” No oxygen could pass into the air space of the dish except it 
passed through the lecithin itself. When the rate at which oxygen passed 
through the membrane from air had thus been determined, the mercury 
mug “b” was raised, cocks “a” and “ce” were opened and as much of the 
air as possible was carefully expelled.* Then, from a stock preparation, 
gasoline-air was drawn into the container as the mercury mug “b” was 
lowered. At first, gasoline-vapor was absorbed rapidly by the lecithin 
membrane. By making tests (as already described) at intervals, it was 
found that the rate of decrease in volume would finally settle down to 
a fairly uniform rate. That is, the membrane would finally become 
saturated with the gasoline-vapor, and the decrease in volume after that 
was due to the loss in oxygen absorbed by the lime-sulphur solution. 
This last rate was then determined as accurately as possible (just as has 
been explained when the cup was in air.) Here also, the direct method 
of measuring the loss in volume of oxygen could be checked by taking 
samples of gasoline-air at the beginning and at the end—making de- 
terminations of the percentage of gasoline and of oxygen present 
at each time and thus figuring the rate at which oxygen had 
been absorbed. Now this last rate in the loss of oxygen, it will be 
observed, was the rate at which oxygen passed through the same lecithin 
membrane after the latter had become saturated with gasoline-vapor in 
the presence of gasoline-vapor-air. The rate at which oxygen passed 
through the lecithin membrane in air might therefore be compared with 
the corresponding rate when the membrane was under the influence of 
gasoline-vapor. In many of the experiments, the covered preparation dish 
was taken from the container and aired until as much as possible of 
the gasoline-vapor had evaporated from the lecithin cover. After that 
the dish was carefully replaced in fresh air in the container and the 
rate at which oxygen passed through the membrane again determined. 
This was done, as a check, to learn whether the lime-sulphur solution 
was still in condition to absorb oxygen at a practically uniform rate 
when the membrane was exposed to pure air.. Further precautionary 
checks were made by finding the rate at which the uncovered dish of 
lime-sulphur absorbed oxygen in pure air and in gasoline air. These 
checks showed conclusively that at the end of the series of tests the — 
lime-sulphur solution was still active enough to absorb oxygen much 
more rapidly than the lecithin or other membranes could take up that 
gas and pass it through to the absorbing solution, either in pure air or 
gasoline-vapor-air. In all cases, the temperature during any series of 
tests was kept as uniform as possible. When the thermometer or bar- 
ometer changed appreciably, or whenever the tests extended over more 
than three hours, all gas-volume measurements were changed to 0° C, 
and 760 m. m. mercury pressure before comparisons were made. 

Over 35 trial experiments were made with the apparatus in learning 
the best thickness of membrane to use, and the time-limits (in order that 
the lime-sulphur solution should not be weakened too much), as well as 
many other details. Thereafter, twelve series of tests were run to 
determine the influence of gasoline-vapor upon the rate of oxygen transfer 

*The edge of the metal band, which was used around the top of the preparation dish to 


fasten the cover-membrane tightly, projected above the surface of the latter enough to 
entirely protect it from damage by the top of the container when the air was being expelled. 
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through lecithin, lecithin-lard and lanolin membranes. The lecithin-lard 
mixture was made of about equal parts of lecithin and lard thoroughly 
mixed together. In half of these both methods mentioned were run to 
gether—i. e. the method of total gas-volume measurements, and the 
method of percentage determinations of the oxygen, gasoline-vapor, etc., 
present at the start and the end of each separate test in the series. The 
cautionary checks were also observed. Four series of tests were run to 
determine the influence of chloroform-vapor upon the rate of oxygen 
transfer through lecithin membranes. These four series of tests were 
carried out by the one method only—namely, that of the total gas- 
volume measurements at the beginning and end of each test. 

The results of all the experiments by both methods pointed directly 
to the conclusion that, in the presence of gasoline-vapor air or chloro- 
form-vapor air, the membranes named permitted less oxygen to pass per 
unit of time than they permitted in air only. 

Note that the experiments with the covered preparation dish of lime- 
sulphur were carried out under the conditions encountered regularly by 
the tissue cells of an insect subjected to fumigation by gasoline-vapor or 
chloroform-vapor. Just as oxygen reached the lime-sulphur for absorp- 
tion at a lower rate, when passing through the lecithin membrane in 
the presence of gasoline-vapor or chloroform-vapor, so, it may be judged, 
less oxygen would be able to reach the oxygen-absorbing protoplasm of 
the cells through the surrounding body fluids (blood) ete., the lipoids of 
which held gasoline-vapor. So also, in the presence of air containing that 
vapor, less oxygen would be able to pass through the surface of an 
insect-tissue extract (containing hydroquinone, for example) into the 
extract where it could be utilized by the oxidase in oxidizing hydro- 
quinone. 

Now, the actual percentage of oxygen present in the gasoline-vapor air 
would naturally be lower than in normal, pure air through dilution by 
the gasoline-vapor, but it appeared that this alone could not fully account 
for the lower rate of oxygen transfer through the membranes. Attention 
may be called to the fact that when the percentage of oxygen in the air 
of the container, for the “air only” tests, was made as nearly equal as 
possible to the percentage of oxygen in the gasoline air used (see Nos. 
3 and 4, Table VII), the rate of oxygen transfer through the membrane 
remained lower, nevertheless, in the presence of gasoline-vapor. In Exp. 
3 (Table VIL) the oxygen percentage was 20.2 at the beginning, and 
18.26 at the end of test No. 1. In test No. 2, carried out in ‘gasoline- 
vapor air” mixture, 18.26 per cent oxygen was present at the start and 
17.5 per cent, at the end. Test No. 3 of Exp. 3 was started after the 
covered preparation dish had been aired several hours. All the gasoline 
had not been given up by the membrane, however—and by the end of 
the test, the small percentage of gasoline-vapor shown in the table had 
been given off to the air of the container. A very thick lecithin-lard 
membrane had been used. In Exp. 4 (test No. 1) of the same table, the 
percentage of oxygen at the beginning was 15.18, and at the end, 13.2. 
In test No. 2 of this experiment, the gasoline-vapor air contained 14.6 
per cent oxygen at the start, and 13.11 per cent at the end. The con- 
clusion in regard to this point must be, therefore, that the gasoline-vapor 
which was taken up by the membranes rendered them less permeable to 
oxygen. Representative results are given in Table VII. 
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Before figuring the rates given in Table VII, all gas-volumes were 
reduced to 0° C, and 760 m. m. mercury pressure. Since all tests were 
not run for equal periods of time, it was necessary to figure results to 
some certain period—a ten-hour period was used. Results of experi- 
ments with gasoline-vapor are those obtained through estimating the 
actual amount of oxygen present at the beginning and end of each test. 
Where two or three determinations were made, the value given under any 
test number in the table is the value which came nearest the average. As 
has already been mentioned, however, all determinations (by both meth- 
ods) led to the same general conclusion already stated. 

In this connection, it occurred to the author that a good opportunity 
had presented itself for testing the effect of lime-sulphur, itself, upon the 
permeability of a wax membrane to oxygen. Accordingly two series of 
tests, results of which are given under Nos. 7 and 8 of Table VII, were 
carried out, using bees wax and shellac membranes. The membranes 
were formed by dipping thin India linen in: melted beeswax, and in 
melted shellac, until membranes of the desired thickness were obtained. 
After the tests with a dry membrane had been carried out, the prepara- 
tion dish (over which the membrane was fastened as a cover) was in- 
verted and shaken until the lime-sulphur in the dish had thoroughly 
wet the surface of the membrane inside the dish. Before test No. 2 
of Exp. 8 was tried, the preparation dish was only shaken. It was 
again thoroughly shaken, before test No. 3; and before the fourth test 
the dish was invyerted—the lime-sulphur solution being left in contact 
with the shellac membrane, thus, for 25 minutes. In that time, the 
solution had “taken hold” and thoroughly wet the membrane. Note 
the decline in the rate of oxygen transfer. Both sets of tests showed 
that much less oxygen was absorbed (i. e. passed through the membrane) 
after the membrane-surface, inside the preparation dish, had been wet 
with the solution. That is, the lime-sulphur solution rendered the wax 
membranes decidedly less permeable to oxygen—less able to transmit 
oxygen. There seems to be no reason why lime-sulphur* would not have 
the same effect upon the wax covering of a scale insect, such as that of 
the San Jose scale. 

A few experiments had been made a long while ago with living grass- 
hoppers (Melanoplus) in air containing very strong fumes of osmic acid. 
These insects were darkened, and were rendered clumsy in their move- 
ments, but they lived for many hours in the fumes of the acid. It seemed 
a wonder that they could thus withstand the fumes—and that the fumes 
did not penetrate. In addition to the membrane-experiments just re 
cited, therefore, one set of tests was carried out to determine the rate at 
which oxygen from air could pass through a lecithin-lard membrane 
before and after the membrane had been exposed to strong osmic acid 
fumes. Oxygen passed through the membrane at the rate of 1.3 c¢. ¢. 
per hour before treatment with the fumes. The membrane was treated 
(from one side) with the fumes for over three hours. It was then aired 
over night, and on the next day, in the three tests made, the darkened 
membrane did not transmit oxygen at a greater rate than 0.2 ¢. ¢. per 
hour—i. e. the rate was about six times slower than before the treatment. 
The lecithin-lard membrane was penetrated by the fumes but slowly. 


*Some other scalecide properties of lime-sulphur are given in Tech. Bull. 11. 
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(The very poor penetrating power of osmic acid fumes, when used as a 
histological killing agent, are well known.) It may only be suggested 
here that perhaps the first effect of osmic acid fumes in blackening lipoids 
and fats in the experiment-membrane (or the surface of a living grass- 
hopper, ete.) is to establish a black surface-membrane at once which is 
not only a little less permeable to oxygen, but also much less permeable 
to the osmic acid fumes, themselves. 


THE EFFECT OF TEMPERATURE ON THE CAPACITY OF LIVING INSECT 
TISSUES FOR THE ABSORPTION OF CERTAIN 
GASES OR VAPORS. 


In Table VI results are given of gasoline-vapor absorptions by 8-gram 
samples of egg-albumen, and also by the same amounts, respectively, of 
fresh unincubated egg-yolk and of fertile egg-yolk after four and five 
days of incubation. It was a surprise, in these tests, to find that gas- 
oline vapor was about six times more soluble in egg-albumen than in the 
fresh egg-yolk, although the latter contained fats and fat-like material 
in the greater amounts by far. All other tests, so far carried out, had 
shown fats and lecithin to have greater capacity for the absorption of 
gasoline-vapor than egg-albumen. ‘The exception, therefore, seemed so 
interesting and so possibly significant that it was decided to test the 
absorption capacity of the yolk for gasoline-vapor after certain periods 
of incubation. The yolk of infertile eggs, even after several days of 
incubation, was found to give the same results as yolk taken from fresh 
unincubated eggs. In the case of incubated fertile eggs the young, de- 
veloping embryo was stirred up with the yolk before the 3-gram sample 
for the absorption test was taken. A comparison of such results of yolk- 
absorptions as are given in Nos. 2 and 3 with those given in Nos. 5 and 6 
of Table VI seemed to show that the solubility, for gasoline-vapor, of fats 
and lipoids in the yolk changed greatly in the four and five days of incu- 
bation. The first few hours of incubation did not bring about a measur- 
able change in the capacity of the yolk to dissolve gasoline-vapor. All 
the tests with yolk samples as given in the table were made at a room 
temperature of 25° to 26° C. Four tests with yolk samples of only a few 
hours incubation were made in a small incubation room at 103° F. 
These gave practically the same results, as to absorption capacity, as 
similar tests at the ordinary room temperature; if there was any in- 
crease in that capacity, it was not great enough to measure. As is well 
known, on about the fourth and fifth days of incubation the embryo of 
the hen’s egg begins to show quite decided respiratory activity, and a 
period of rapid development begins. It was at this period of incubation 
that the decided increase in the capacity for absorbing gasoline vapor 
was shown by the embryo-yolk-mixture.* Here was an interesting change, 
(an increase) in the absorption capacity of the yolk-mixture for gasoline 
vapor, which seemed to be related with the changes that made for active 
development in the embryo. As long as the embryo remained compar- 
atively dormant (or, was unable to develop through non-fertilization, 


*Attention should be called to the fact that absorption results in 5 and 6 are much greater 
than the absorptions given by egg-albumen (i. e. eee white). It would seem that the change 
in the embryo-yolk-mixture, which occasioned an increase in the gasoline-vapor absorptions, 
was probably a change in the fats and lipoids. The amount of alcohol-soluble material in 
the embryo is said to increase rapidly with development. 


EXPERIMENT STATION BULLETINS. 477 


when incubated) the capacity for absorbing gasoline vapor remained 
comparatively low. These facts surely seemed significant in connection 
with the behavior of gasoline vapor, and the like, toward dormant in- 
sects. 

It is a well known rule that dormant insects are harder to kill with 
fumigants (such as gasoline vapor, carbon disulphide, etc.), and that 
they are more resistant to sprays of kerosene emulsion and the miscible 
oils in general than are active insects of the same species. The question 
naturally arose in this connection, therefore, as to whether insects in 
the dormant state, from cold say, might not absorb less gasoline vapor 
under a given fumigation charge than they would absorb when in the 
active condition. In view of the close relation which the question bore 
to the main problem of how contact insecticides kill, experiments were 
planned to determine whether dormant insects would take up less of such 
a fumigant as gasoline vapor than would be taken up by the same in- 
sects after they had been brought into an active condition. 

Hibernating Luna moth pupae were selected as the first insects to be 
used in these experiments, and gasoline vapor was the fumigant chosen. 
This fumigant was used again in this case for the reason, already men- 
tioned several times, that it permitted of accurate percentage determina- 
tions of itself and of the oxygen and carbon dioxide present in the air 
in which it was used. The pupae had been kept in the cold room of the 
insectary all fall and winter until the experiments were first undertaken 
December 17, 1915. The apparatus represented in-Figure III (except for 
the hooked U-tube, and the burette “f’}) was moved into the cold 
room six.to eight hours before an experiment was to be begun, in order 
that everything might reach the temperature of that room. Among the 
accessories was a separate gas container with a stock supply of gasoline- 
vapor-air, and a little water to maintain saturation with water vapor. 
The dormant pupae were floated up on mercury in the gas container “‘c”’, 
Fig. III. The mercury in the container was raised until almost all air 
was expelled and the pupae were near the top. The outlet cock “t” 
of the container “c” was then connected with the stock-container of 
gasoline-vapor-air and the required amount of gasoline-vapor-air was 
quickly drawn in with the pupae. Within the next half minute, a sample 
of the gasoline-vapor-air with the pupae was drawn off above mercury 
into a separate gas-container, to be kept for percentage estimations. The 
mercury manometer, “m” Fig. III, was quickly leveled and the apparatus 
was then watched until the first rapid loss in volume had passed, and the 
manometer showed that no more gasoline vapor was being absorbed. 
Then, a second sample of the gasoline-vapor-air confined with the insects 
was drawn off for estimation in the same manner as the first. Both the 
samples (one taken at the beginning and one at the end of the test) were 
removed to the laboratory and allowed to stand until they reached the 
temperature of the room and of the apparatus (i. e. gas-pipettes and 
compensation burette;* (see Fig. 4, p. 27, Tech. Bull. 11, this station) 
used in making the percentage estimations. After that, the percentages 
of gasoline vapor, of carbon dioxide, and of oxygen present at the be- 
ginning and at the end of the absorption test with the pupae were de- 
termined. From these results, knowing the volume of gas present with 


*By means of this burette, direct volume measurements at O°C. and 760 m, mM, mercury 
pressure, with proper water vapor-tension corrections, could be made. 
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the insects at the beginning, the amount of gasoline vapor present at 
the start, and the amount absorbed, could be figured. 

At the end of the absorption test, the pup were carefully 
removed from the container and aired. They were then brought into the 
laboratory, where they might warm up and start active development. 
After their actions, taken in connection with respiration tests, showed 
that they were in an “active state’, an absorption test with gasoline- 
vapor-air (using as nearly as possible the same percentage and the same 
amount of gasoline vapor) was carried out in the warm room by the 
same method as in the former case. 

Two separate experiments with Luna moth pupae, entailing the com- 
plete sets of estimations just outlined, were carried out by this method. 
Results of these two experiments are given in Table VIII, Nos. 1 and 2. 


TABLE VIII.—INSECTICIDE-VAPOR ABSORPTIONS OF COLD (DORMANT) AND WARM 
(ACTIVE) INSECTS. 


| 
ip) Insects. | Vapor used. | Temperature. ane abeeenan: Time. 
6 Pupae of Luna moth; 15 grms...| Gasoline vapor) 
ae} 2699: 70 ee idk Jee aed, Oe aaa Abe 0.38, CxGeee | 2 hrs 
6 Pupae of Luna moth; 15 grms...|/ 2.8%........| BANGS OR. Tre 1), ‘De WENKCAC ace 2 hrs. 
9 Pupae of Luna moth; 20 grms...| Gasoline vapor 
2. | Dp iiDonose: 2 Y EO ERY ODE atte ee ("0 235'C. Chee Ihr: 
9 Pupae of Luna moth; 20 grms...' .2.4%........ 24 Bi Cietncyns | 0.89.c.c..... 1 hr. 
5 Passalus cornutus, 10 grms...... Ether........ [EO OSG. Seeeaee US 202 Ge oes 10 min 
3 5 Passalusicormutus; 10°erms).... .. i bthers: 252.28 ON6U'Gi eae | 14 CSCap eee 30 min 
: 5 Passalus cornutus, 10 grms...... YGNEL. 2 chee sci WEAPON Cie SBS 1 (6) Ole, Cre are 10 min 
| |5 Passalus cornutus, 10 grms...... Biber 65. se 3 | 22a 2Cea ae. | RE OH Gn 30 min 
5 Passalus'ecornutis;, 11-2 grms. 2.) Bither. ©... .0- [eo — de OSC oe = | 2.40 ¢.c..... 10 min 
4. |) 5 Passalus cornutus, 11.2 grms.... Ether........ oe AU adel @ en bn | 2045-4 Cn teers 15 min 
: 5 Passalus cornutus, 11.2 grms.... Ether........ 2 ADO | Dee (CC lave ae 10 min 
5 Passalus cornutus, 11.2 grms....| Ether........ DSG4UC filers | Oe ACN C7 lene 15 min 
5 Passalus cornutus, 10.5 grms.... Ether........ = 20868 mies ONCE Chere 10 min 
5 5 Passalus cornutus, 10.5 grms.... Ether........ == AV Ces Be OSC NG rientes 20 min 
: 5 Passalus cornutus, 10.5 grms...., Ether........ ZA e IO eae Say Ch Ciste cere 10 min 
5 Passalus cornutus, 10.5 grms....| Ether........ 2402 Cee 1 GO (CnC reyes 20 min 
5 Passalus cornutus, 10 grms...... Hither. soa =— 2 Ale 0-4 Che. ene 10 min 
6 5 Passalus cornutus, 10 grms...... Ether........ — 2p AraC reas OW 0) C.5C\cretaiae 20 min 
: 5 Passalus cornutus, 10 grms...... BtHeG!. sys About 20.0°C.) 1.2€.c...... 10 min 
5 Passalus cornutus, 10 grms...... phere amas About 20.0°C.| 1.5c¢.c.. 20 min 


At the beginning of Exp. No. 1, in the cold room, there were 2.08 c. ¢. 
of gasoline vapor present in the air with the pupz. The table shows 
that 0.38 c. c. of the vapor was absorbed—that is, only 0.18 of all the 
gasoline vapor present at the start was absorbed by the six pupae. The 
latter were all alive when brought into the warm room. They were kept 
in moist air and their activity increased. By the third day, the respira- 
tion had increased to more than three times its rate in the cold room. 
On the sixth day, the rate was about the same or slightly less. The 
pupae were kept in the warm room 17 days, in all, before the last absorp- 
tion test was made. Since, by the method used, not all the air was 
expelled from the container before gasoline-air was drawn in with the 
pupae above the mercury, it was impossible to make sure that the per- 
centage of gasoline vapor used in the warm room was just the same as 
was used in the cold room test. As may be seen by the table, however, 
it was possible to make the percentages almost or practically the same. 
In the warm room test of Exp. 1, there were 2.24 ec. c. of gasoline vapor 
present in the air used, and 0.5+- of all this was absorbed by the same 
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pupae which in the dormant stage had absorbed only 0.18 -+- of the 2.08 
c. c. of gasoline vapor placed with the air used in the cold room test. 

When the nine pupae, used in Exp. 2, were removed from the gasoline- 
vapor-air at the end of the test in the cold room, they had become quite 
sensitive to touch. They would wriggle actively when touched. The 
gasoline vapor seemed to have stimulated them. They were removed to 
the warm room and kept there about 15 days before the second absorp- 
tion test was run. In this experiment 1.96 ¢c. ¢. of gasoline vapor was 
present in the air at the beginning of the warm room test, and 0.45-+- 
of this vapor was absorbed by the pupae as against only 0.2-+- of the 
1.7 c. ce. of vapor present in the air during the cold room test. About 
80 ¢. c. of gasoline-vapor-air was present at the end of each test. The 
ratio of the absorbed gasoline vapor to the whole amount present was, 
in both experiments, greatest in the warm room tests where the insects 
were undergoing active development. All the pupae recovered at the 
end of the tests, and the first moths began to emerge about five days after 
the last tests in each experiment. Adults emerged from all the pupae, 
although none were very perfect moths. After the above experiments, 
it was decided to use adult Passalus cornutus in absorption-tests made, 
first, when the beetles were quiet and dormant from cold, and again when 
they had become active in the warm room. These beetles were chosen 
because, as has been explained in Bulletin 11, all of the air could be 
safely forced out from around these insects by mercury. Thus, it was 
possible to introduce samples of the same stock of insecticide-vapor-air 
into the container, unmixed with other air, in the cold room and in the 
warm room. Air that was almost, but not quite, saturated with the 
insecticide vapor at the cold room temperature was kept in a gas con- 
tainer above mercury as the stock-supply. One could, in this way, be 
sure that the percentage of insecticide vapor present, in both tests, was 
exactly the same. With this assurance that the same percentage of the 
insecticide vapor could be placed with the insects in the two different 
tests, it was not necessary to use a vapor which would permit of accurate 
quantitative estimations of the percentage present at the beginning and 
end of each test. Thus, different apparatus and a different method might 
be employed. The method of measuring the total rapid decrease in vol- 
ume could be depended upon, it appeared, to show the volume of insecti- 
cide vapor absorbed by the insects. Experience had shown that most of 
the vapor-absorption would take place in an interval too short for 
respiration to make an appreciable change in volume. Moreover, in the 
short interval necessary, barometer and therometer readings remained 
practically the same. The apparatus used for making the gas measure- 
ments was the compensation-burette just referred to “(Shown in Fig. 4, 
Tech. Bull. 11, and a gas-container of the type shown at A., Fig. 7, Tech. 
Bull. 11 of this station. 

A certain measure of the insecticide vapor to be used was transferred 
from the stock supply into the compensation burette. The beetles were 
floated, dorsal side up, on mnercury in a gas-container, and the mercury 
was raised until all air was expelled from around them. The container 
was at once connected with the compensation gas-burette, and the ac- 
curately measured sample of insectici4® vapor was quickly drawn over 
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with the beetles. After 10 minutes the whole remaining volume was 
returned to the compensation-burette and again accurately measured. 
The first reading minus the second reading of the compensation burette 
showed the amount of vapor that had been absorbed by the insects. The 
gas could thus be transferred back and forth at intervals to obtain ab- 
sorption values at 10, 20 and 80 minute intervals, if desired. At the end 
of this test in the cold room, the beetles were removed to fresh air; and 
after an hour or two were brought into the warm room along with the 
apparatus and the stock supply of insecticide vapor. After 18 to 41 
hours, when the beetles had become active and everything to he nsed 
had reached the room temperature, absorption-tests were again carried 
out with the same insects—using a sample of the same insecticide vapor 
under the new conditions. Now, gasoline did not produce a very high 
percentage of vapor at the cold room temperature; and a fluid which 
would give a higher percentage of vapor at the low temperature seemed 
desirable. On that account, ether was selected for the new trials instead 
of gasoline. 

Four experiments were carried out in the manner just outlined, using 
P. cornutus, and the vapor of ether in air. The results of all four of 
the experiments are given in Table VIII. In no case, as may be seen, 
were the absorptions less than two times greater in the warm room, 
where the beetles were active, than when the latter were dormant in the 
cold room. In experiments 8, 4 and 5, in the cold room. the small amount 
of absorbed ether-vapor stimulated the dormant.insects until they 
twitched -the antennae and moved the legs. On the other hand, in the 
warm room tests of Exp. 8, the active beetles had become entirely 
motionless (anaesthetized) in 10 minutes; at the end of Exp. 4, only a 
bare movement of the antennae could be noticed, still; and in the warm 
room test of Exp. 5, the active beetles were completely anaesthetized by 
the end of 20 minutes. In the case of Exp. 6, the beetles were entirely 
stiff and helpless at minus 2.4° C., and they remained so even under the 
influence of the small amount of ether absorbed. When these insects 
were removed from the first test, they showed no movement whatever; 
and they recovered from the cold, only slowly, after being brought into 
the warm room. They had been kept in the cold (at minus 2.4° C.) 
only a few hours in all. A different stock supply of ether-vapor-air was 
used in Exp. 6, and the five beetles absorbed only 1.5 ¢. c. of the vapor 
even in the warm room in 20 minutes. This was barely enough of the 
ether to place the insects in the excitement state—they were more active 
at the end than at the beginning of the last test. 

In order to show how nearly constant a certain volume of pure air 
remained during a period of 380 minutes with five beetles, a single check 
may be related. The five beetles used weighed 10 grams. The 50 ¢. ¢. 
of pure air was transferred from the compensation burette to the con- 
tainer with the beetles and back again three times during the check, 
with the following results: 

50.0 c. ec. at the beginning; 

50.2 ¢. ec. at end of 10 min. (after first transfer) ; 

50.0 ¢. ec. at end of 20 min. (after second transfer) ; 

49.9 c. ec. at end of 30 min. (after third transfer). 

The six experiments (Table VIII) were carried out with such care, 
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and were checked in such a manner, it is believed, as to make the appar- 
ent conclusion seem undoubted. In the dormant condition, the insects 
absorbed less gasoline vapor and less of the vapor of ether than did 
the same insects when active. The difference in solubility of the insecti- 
cide vapors in the dormant and in the active insects, was so great that 
ordinary charges of the insecticides used did not bring the concentration 
of the insecticide, within the body tissue of the dormant insects, to the 
danger point. Thus, the lowered absorption capacity, which accom- 
panied the dormant condition, may easily furnish the chief explanation 
of the fact that insects, dormant from cold, are harder to kill by ordinary 
fumigants and by ordinary miscible oil, contact sprays. 

Evidence has been given that the tissue fats and lipoids of living in- 
sects should be considered as the principal solvents of such insecticides 
as gasoline and kerosene vapors, ether and the like. The suggestion made 
in connection with egg-yolk absorptions, therefore, seems proper here. 
Namely, the changes, which accompanied respectively an active or a 
dormant state, occasioning an increase or decrease in the capacity for 
absorption of insecticide vapors, was probably a change in the condition 
of the tissue fats and lipoids—or, in their relation to the other cell 
constituents.. 


IN REGARD TO THE MANNER IN WHICH BORAX AND SOME OTHER 
POWDERS (SOLID CONTACT INSECTICIDES) BECOME 
EFFECTIVE AGAINST CERTAIN INSECTS. 


Mention has already been made (Technical Bulletin 11) of certain 
dry powdered solids that may be applied as contact insecticides. In the 
case of pyrethrum powder, attention was called to the fact that, as ap- 
plied in most cases, the principal influence of this insecticide is due to 
the volatile bodies held in the powder. ‘This is very clear when the 
insect is confined in a warm air-space with some of the powder. How- 
ever, certain insects (for example diptera and grasshoppers) may some- 
times be overcome—for a time, at least—by dusting their bodies with 
the powder, even in the open air. When such insects are examined, one 
may often observe with a binocular microscope that some of the powder 
becomes lodged in the dry vestibule of the tracheze within the spiracles, 
and no doubt the volatile bodies from the powder charge the air in the 
tracheal system. The poison in such cases, therefore, really becomes 
absorbed as a gas or vapor. Nevertheless, it is possible in the case of 
some insects for certain dry non-volatile powders to become effective as 
contact insecticides. White hellebore (although it contains a slightly 
volatile body) does not kill insects confined in the air with it at ordinary 
temperatures, provided they do not come in contact with the poison— 
or do not eat it. It is well known that the fresh hellebore powder is a 
stomach poison to insects; it may be observed to be effective as a con- 
tact insecticide also, with moist rose slugs. I have watched many young 
rose slugs that did not attempt to eat after their bodies had been pow- 
dered with fresh hellebore. If they attempted to crawl, the body seemed 
to be clumsy as if the hypodermal sense organs had been numbed; and 
usually, the slugs would fall from the leaf. Slugs, in this condition, were 
kept for varying lengths of time (up to nearly two days) until they died, 

61 
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It was clear that the body secretions had dissolved some of the hellebore, 
and had moistened more of it so that it stuck as a white crust on the 
body. The indications were that but very little of the hellebore, dis- 
solved in the body secretions, had been absorbed through the cuticular 
covering—only enough to render the outer surface of the body numb and 
clumsy. In the final stages, the insect seemed to be dying, more from 
drying and from starvation than anything else—yet it was the hellebore 
which first rendered the animal in an unfit condition for normal life- 
processes. 

Borax powder and finely powdered sodium fluoride have been used as 
effective agents against cockroaches. It was known to be not at all 
necessary to place these powders on a bait that should be eaten by the 
roaches; the dry powders became effective if they were dusted in loca- 
tions where the insects were sure to run. There seemed to be nothing 
appetizing about the powders, in themselves, and it was a question how 
they became effective against roaches. The large American cockroach 
(Periplaneta Americana) and the smaller croton bug were available for 
study in this connection. 

In the first tests, a little dry powder of borax, or of sodium fluoride 
was sprinkled on one-half the bottom of wide, flat, glass-covered culture 
dishes. Then single roaches were introduced and watched. It was soon 
noticed that when a roach ran through either the borax or the sodium 
fluoride, a little of the dry powder stuck to the lower part of the body 
and to the legs—especially at the bases of the legs, and between the 
sternal plates. Also, the insect was almost sure to get its antennae 
dusted with the powder as it waved them about. If left to itself, a 
roach that had become powdered in the manner just described would 
soon settle down and begin “cleaning up.” In this latter process, the 
long antennae were drawn across the mouth and licked clean—the feet 
and legs and body were licked. After a time, a roach that had been 
cleaning itself of either of the powders named would begin to show un- 
easiness and irritability. It was apt to become sick, after a time, and 
exude a drop of saliva from the mouth. Finally, the insect would be- 
come dumpy, often remaining quiet for long intervals, only to start 
up suddenly and nervously, and then lapse again. Such actions were 
usually followed by partial paralysis of the hind and middle legs. The 
wings and feet twitched at intervals, and gradually the body became 
more helpless until death resulted. This might all take place in any- 
where from four to forty-eight hours; and the length of time before 
death would result seemed to depend in great part upon the amount of 
powder the roach had cleaned from his body. As a rule, the sodium 
fluoride acted very much more rapidly than the borax—requiring only 
four to twelve hours. Sometimes a roach that had taken only a little 
borax, in cleaning the powder from its body, would pass through the 
first stages of uneasiness (and apparent stomach-sickness) and then re- 
cover so far as to eat, and act normal for four or five days, perhaps— 
after which it would become dumpy. It would then eat no more. The 
wings would quiver when the insect was disturbed; paralysis of the legs 
would finally set in, and gradually the body would become more helpless 
in every case until death resulted. 

Observations were made, and record was kept (from treatment to 
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death) of the actions of 45 of the insects treated with borax, sodium 
fluoride, or borax and pyrethrum mixed. A few tests were made by 
compulsory feeding of the roaches with a very little borax or sodium 
fluoride from the point of a small knife-blade. In every case the symp- 
toms were much like those described above and the insects finally died. 
These last tests made it clear, therefore, that both borax and sodium 
fluoride could act as stomach poisons in the case of the cockroach. 
Moreover, it seemed very likely that in cleaning either of the powdered 
poisons from antennae, feet and body, the insect would eat enough of 
the poison to kill. Finally, visible proof was obtained that powder, 
licked from various parts of the body, was swallowed. Sodium carmine 
was very thoroughly dried and pulverized with borax, and with sodium 
fluoride. Insects were placed with this stained powder, and several 
hours after they had cleaned it from their bodies. dissections were made; 
the red stain was found in the contents of the crop. 

The question still remained, however, as to whether a little of the 
powdered insecticides might not be dissolved in the moist exudations at 
the bases of the legs and between the sternal plates, and then absorbed 
through the thinner body integument in the locations named. It seemed 
possible also that the very fine powder might enter thé spiracles. That 
is, it was still a question as to whether the powders under consideration 
might not be contact insecticides as well as stomach poisons when used 
against roaches. In order to get at the solution of this question, it was 
found to be absolutely necessary to devise some way of preventing the 
insects from licking their bodies after they had become dusted with the 
powder—without, at the same time, inflicting any serious mechanical 
injury in the use of the preventative device. The desired result was 
accomplished by means of card board collars, which were prepared and 
used in the following manner: 

The collars were made from single pieces of flat bristle board of about 
the weight of ordinary medium index cards. Each collar was four to 
four and one-half inches in diameter-—i. e. large enough to form a 
cover over a shallow glass stender dish. A slit was cut in the circular 
card from the circumfercace to the venter, where a small smooth hole 
was punched. This central opening was large enough to turn freely on 
the neck of a cockroach, but it was very much smaller than the animal’s 
head. After the collar hal been very carefully placed around the neck 
of a roach, a thin strip of paper was afterward pasted over the slit. 
The flat collar could then be placed over the stender dish, containing a 
little powder to be tested, so that the insect’s body rested upon the bot- 
iom of the dish, and the head stuck up above the collar outside the dish. 
The fluttering wings and scrambling legs would thoroughly dust the 
animal's body without any of the powder’s reaching the head or mouth. 
Fig. No. 4 of Plate I shows the position of the head of a cockroach wear- 
ing such a collar. In check tests, untreated roaches were made to wear 
collars for eight, eighteen, and even ninety-eight hours without any 
serious injury. After these specimens were released, they were kept 
under observation for ten to nineteen days, and during that time fed and 
-behaved normally. In all these experiments the roaches were permitted 
to have moist food when no insecticide powder was present and they 
were not wearing a collar. 
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In order to be able to see just where the powder went, when it came 
in contact with the body of an insect wearing a collar. both borax and 
sodium fluoride were stained with either sodium carmine, or indigo 
carmine, after which they were thoroughly dried and pulverized to a 
powder. In a few cases, where dissections were to be made under water, 
Sudan III was used as the stain for the insecticide powder. Individual 
experiments were carried out with more than forty insects according 
to the outline just given, and all these were in agreement as to the ques- 
tion considered. It was found that powdered borax and powdered sodium 
fluoride could bring ahout the death of roaches through being dusted 
thoroughly on their hodies, without ever having come in contact with 
the mouth. The dusting of the body was done through the efforts of 
the insect itself. in scrambling and fluttering with the legs and wings 
in the manner already explained. Borax required two to ten days to 
cause death through contact of the powder alone. Sodium fluoride re- 
quired from five to twenty-two hours. In each case the average time 
was much longer than was required to bring about death when thé insect 
had eaten some of the powder in cleaning the same from its body. The 
symptoms following contact alone were usually very similar to those 
which followed when the poison had been eaten. As a rule, the period 
of partial paralysis and helplessness was much more prolonged when 
the powder had been used only as a contact insecticide. The exudation 
which caused the powder to stick to the roach’s body was nearly always 
sufficient to dissolve enough of the borax or sodium fluoride to cause 
incrustation at the bases of the legs, hetween the sternal plates. ete. 

Tn seventeen of the experiments in which the stained insecticide powder 
(sodium carmine was the stain mostly used) had been employed. the 
insects were dropped into a hot alcoholic fixing fluid at about the time 
of death. Afterward, parts of the bodies of these insects were embedded, 
and sectioned. A study was made of the miscroscopic sections prepared 
in this way. in order to learn bv means of the stain if nossible, whether 
the powder had entered the spiracles—or had passed. after solution, 
into the insect’s body through the thinner portions of the body wall. 
The sections showed the incrustations of the stain at the bases of the 
legs. between the sternal plates, and (sometimes) just within the spir- 
acles in the vestibule from which the tracheae arise; but no stain was 
found further within the trachexw, and no sections were found which 
showed undoubted evidence that the stain had penetrated the integument 
to stain the hypodermal cells. If the cuticula was permeable to the 
stain and to the borax or sodium fluoride solutions in the same degree, 
then it is certain that only a very limited amount of the insecticide 
passed into the animal’s body through the thinner portions of the body 
integument. The latter, however, seems to have been the possible and 
probable path. No indication was found that the stained insecticide 
powder had entered the bodies of cockroaches wearing the collars, in 
any other way. It must be remembered that the sodium fluoride rendered 
roaches helpless and practically dead in some cases within five hours— 
i. e.. during the time the insects were wearing the collars, and sections 
showed no trace of stain in the crops of these insects. It took the borax 
so long to kill by contact that in the first tests, the roaches were brushed . 
as clean as possible after six to eight hours treatment, and were then re- 
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leased from the collars. Proof was soon obtained that this would not 
do; the insects licked the joints of their legs and other rough parts of 
the body so thoroughly that the contents ot the crop became decidedly 
stained. In other words, the insects did their cleaning so carefully that 
they might be eating enough of the borax powder to kill. The only safe 
method, therefore, was to leave the collars on the animals until they 
were no longer able to lick various parts of the body. That the death 
of an insect so treated was due primarily to the influence of borax 
powder brought in contact with the body, and not to injury from the 
collar (or otherwise) was shown by the checks carried out with un- 
treated insects in collars, and by the absence of any stain in the digestive 
tract. 

The evidence gained from the experiments carried out in this connec- 
tion, therefore, may be summed up in the following statements: 

When cockroaches run through powdered borax, sodium fluoride, or 
borax and pyrethrum mixed, the dry powder sticks to the legs, body, 
and often to the antennae. Some of the powder is moistened or dis- 
solved in the exudation about the bases of the legs and on the thinner 
portions of the outer integument. ‘This seems to cause some irritation 
and uneasiness; the insect soon begins to clean the moistened powder 
from the body by licking it. In doing this, enough of the poison may be 
brought into the mouth, and swallowed, to kill after a period varying 
from five hours to ten days. Borax acts much more slowly but kills 
with no less certainty than sodium fluoride. It is possible for both 
powdered borax and sodium fluoride to kill roaches by contact (without 
any of the poison’s haying been swallowed), but in actual practice it is 
hardly possible that any roach ever gets its body dusted with one of 
these powders without also licking and swallowing some of the powdered 
poison. Both powders are more rapid in their action as stomach poisons 
than they are as contact insecticides. 

Tables IV and V contain representative results illustrating the in- 
fluence of borax, sodium fluoride, pyrethrum and white hellebore on the 
reductases and catalases, respectively, of insect extract. Borax acted 
quite injuriously on the activity of the reductase, and very little on that 
of the catalase. The same was true of the hellebore and pyrethrum, 
except that the pyrethrum seemed to interfere a little more with the 
activity of the catalase than did either the borax or the hellebore. 
Sodium fiuoride was most detrimental to the catalase. When added 
to perfectly fresh extract, the. sodium fluoride caused a slight drop in 
reductase activity; after that however, such a treated extract retained 
its reductase activity very much better than did untreated extract. 
Both sodium fluoride and borax interfered with the oxidase activity 
slightly, if one may regard the alcoholic guaiac test as an indicator in 
this case. 

An attempt was made to determine the influence of borax and sodium 
fluoride upon the respiratory ratio of cockroaches dying under the in- 
fluence of these poisons, but the normal respiratory ratio, itself, varied 
so much for the roaches that no decided information could be gained. 
The intestinal tracts of the specimens used were apt to be gaseous, and 
the contents of the intestines were usually found to be well infested 
with infusoria, etc. This, it was believed, might account for the normally 
irregular respiratory ratio. 
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SUGGESTIONS FOR POSSIBLE PRACTICE. 


(a) SOLID AND LIQUID APPLICATIONS. 


It will be observed that when the insecticides gained entrance into 
the insect tissues as purely contact agents, they did so, ultimately, in 
the fluid condition. Powdered solid contact insecticides gave off volatile 
bodies to be absorbed by the insect, or else the powdered agent became 
moistened and partly dissolved in exudations on the insect integument. 
Iixperiments showed that gases or volatile insecticides gained entrance 
to the insect tissues most rapidly. The “miscible oils” usually combined 
volatile and purely liquid agents. The liquid or the finely powdered 
solid often gained entrance through the spiracles to the larger tracheae 
where any volatile bodies that might be carried by the insecticides could 
then charge the air of the tracheal system. In the case of the powdered 
solid contact insecticide, the advantage evidentally lay in having the 
powder so fine and dry that it would adhere well and could sift readily 
into all crevices—even into the stigmata of the insect. Similarly, a weak 
surface tension for a liquid insecticide enabled it to flow into all ir- 
regularities of the area treated, and to penetrate often into the larger 
tracheae of the insect. Even in the case of lime-sulphur wash—which 
kills scales, perhaps in most cases, without ever having actually come 
in contact with the body of the insect itself—it would seem to be 
advantageous if the wash could be given a lower surface tension. The 
solution could then flow into crevices of the bark and thoroughly wet 
the scale-covering of insects that might otherwise escape. As is well 
known, soap cannot be used for the purpose, since it causes in the lime- 
sulphur solution a greasy lime-soap precipitate. A number of tests 
were carried out with the idea of finding agents which might be added 
to lime-sulphur, without injury, to lower the surface tension and cause 
it to spread on the bark of plants more readily. In order to be able to 
compare the “spread” of different samples of lime-sulphur dilutions 
readily in the laboratory, resort was had to what may be termed the 
“drop method.” For example, the number of drops in 5 c. ce. of water 
were counted as they came from a pipette. The same pipette was then 
washed out with lime-sulphur prepared by diluting a concentrate with 
a water solution of the agent to be tested. The number of drops in 5 ¢. 
c. of the latter lime-sulphur dilution were then counted from the pipette, 
and the ratio of the number of drops of water to the number of drops of 
lime-sulphur dilution was obtained. As long as the temperature of the 
liquids was practically the same and the drops were counted from the same 
cleaned pipette, the ratio between the number of drops in equal vol- 
umes of water and any lime-sulphur dilutions of approximately equal den- 
sities afforded a direct means for comparison of spread in the various dilu- 
tions. Actual trial on a tree covered with scale insects, showed that 
when this ratio equalled about 0.85*, the “Agent plus L. S. solution” had 
sufficient spread; that is, the spray readily flowed into crevices of the 
bark and wet the waxen scale coverings. The method was adapted from 


#(e Number drops in 5 c. c. of water a 
- & Number drops in 5 c. c. of “Saponin-water-dilution of Conc. L. 8.” 
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Mansier} who first suggested counting the drops in equal volumes of 
liquids under proper conditions of temperature, etc., for making a study 
of their surface tension in connection with insecticides. It was found 
that gelatine, glue, soluble albumen, and saponin could all be used in 
lime-surphur to increase the “spread” on the bark of a tree. The vari- 
ous agents were dissolved in the proper amount of warm water, after 
which the solution was added to concentrated lime-sulphur in making up 
the proper dilution. Glue and gelatine had to be used at the rate of 
about one pound to eleven gallons of lime-sulphur wash as diluted ready 
for use. The expense, therefore, would be too great to make their em- 
ployment practical. This was true also in the case of albumen and 
saponin. Except for its expense, however, saponin seemed to be best of 
all the agents tried for the purpose. It dissolved readily, and a com- 
paratively small amount added to the lime-sulphur increased the 
“spread” to the desired point without any apparent injury to the oxygen- 
absorbing power of the wash. Tests were made of this last point in the 
following manner: 

A measured amount of the solution of saponin in water was added to 
a measured amount of concentrated lime-sulphur in a stender dish of 
standard volume and diameter; then, an equal sample of the same con- 
centrated lime-sulphur, in a dish of the same diameter, was diluted with 
a volume of distilled water equal to the saponin solution used. The two 
dishes were introduced into exactly similar containers with equal vol- 
umes of air having the same known percentage of oxygen. At the end of 
a certain period of time (6 hours, for example) the oxygen percentage 
in each air-chamber was again determined, and from that, the volume 
of oxygen that had been absorbed. The volumes of oxygen absorbed in 
the saponin-lime-sulphur and in the check were practically the same— 
the greatest difference in three successive tests being no greater than 
the possible experimental error of the apparatus. When the dry pow- 
der was stirred directly into the lime-sulphur, however, the oxygen-ab- 
sorbing ability of the solution was quite appreciably weakened. This 
was due no doubt to oxidation of the sulphides by air carried in with the 
dry powder. It was best, therefore, to dissolve the saponin in water, 
and then add that solution to the concentrated lime-sulphur. 

Four tests were carried out to determine the influence of adding sapon- 
in, upon the rate at which water would evaporate from lime-sulphur (i. 
e. influence upon rate of drying). In every case, the evaporation was 
found to be a little more rapid from the lime-sulphur to which saponin 
had been added—as might be expected from the weakened surface ten- 
sion. The difference, however, was not great—amounting to only 0.1 
grm. of water from an area of 10.17 cm. in seven hours, on the average. 
This difference could be largely eliminated by adding salt (Na Cl) to 
the saponin-lime-sulphur solution. That is, salt had the effect of retard- 
ing the evaporation of water. It was used at about the rate first recom- 
mended in the original lime-sulphur salt-wash (i. e. about 18 lbs. to 
100 gallons). Except in extremely dry weather or in a normally dry 
climate the salt would not serve a useful purpose. 

Finally, all the tests tried seemed to confirm the first impression that 
saponin would be the ideal agent for lowering the surface tension of 
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lime-sulphur to obtain “spread,” if only it were not so expensive. At the 
price of crude saponin, when these tests were carried out, it would add 
about $1.50 to the expense of each fifty-five gallons of lime-sulphur wash 
diluted ready for use against San Jose scale. The crude saponin, how- 
ever, was just as good for the purpose as the pure obtained from Merck 
at a cost of more than five times the price of the crude product. Now 
the dry plant, Saponaria officinalis or “bouncing bet’ was known to con- 
tain from thirty to forty per cent of extractives and it occurred to the 
author that perhaps the plant, itself, could be used in this connection. 
Bouncing bet grows about many farm yards, orchards, or gardens, com- 
ing up year after year from underground stolons. It is quite hardy, es- 

caping cultivation and growing by roadsides, often, quite thickly. If the 
plant could be used, therefore, the orchardist might have a plot planted 
to bouncing bet, and prepare his lime-sulphur-saponin wash with only 
the extra expense of cutting, storing and extracting—which need not be 
great, it was thought. Accordingly, some plants were cut and dried 
in the early fall and laboratory experiments were carried out to deter- 
mine whether “bouncing bet hay” could be used to satisfactorily in- 
crease the spread of lime-sulphur wash. Stated briefly, results proved 
that an excellent lime-sulphur spray mixture, as regards spread, etc., 
could be obtained by the use of an extract of either the green or the dry 
stems and leaves of bouncing bet. A good method of extraction was as 
follows :—the plant material was soaked in lime-water over night (12 to 
18 hours, say) after which it was boiled about 30 minutes and then 
pressed out and strained. Thus an extract was prepared by using the 
dry stems and leaves of bouncing bet at the rate of 22Ibs. of the plant 
‘material and 15Ibs.* of freshly slacked lime to 50 gallons of water. This 
extract could be used to dilute concentrated lime-sulphur (of 26° Baume’ 
and up) the required amount for use against San Jose scale; giving the 
spray mixture a very satisfactory spread. The added lime in the extract 
should prove useful, also, in assisting the lime-sulphur to soften the wax 
about the margins of the scale-coverings—in addition to the fact that 
it serves as a first class marker to show whether all parts of a tree have 
been covered. 

When extract water from bouncing bet, prepared as explained aboye, 
was used in the place of ordinary water in the old formula (lump lime 
20 Ibs., sulphur flour 15 Ibs., water 50 gallons) a homemade wash hay- 
ing a very high degree of spre ead resulted. A little of such a homemade 
wash was filtered, fand the number of drops in 5 ¢. c. of water divided 
by the number of drops in 5 ¢. ¢. of the filtrate equalled 0.72. One home- 
made lot of lime-sulphur was prepared (in a smaller amount than is 
called for by the formula) while the plant material was still in the 
water. The formula follows: lime 20 Ibs., sulphur 15 Ibs., water 50 gal- 
lons, and 22 Ibs. of the dry leaves and stems of bowncing bet to which 
enough water to wet them thoroughly had first been added. The mix- 
ture was kept boiling for forty-five minutes, after which the liquid was 
pressed out, and strained through coarse cheese cloth. The lime-sulphur 
appeared to have cooked up in good shape and the “drop ratio” for the 
spray solution was 0.73. 

Whether these suggestions would actually prove profitable in orchard 


*Less lime may be used. It is not absolutely necessary but it assists in softening and 
digesting the plant and in other ways. 
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practice may be learned only by experience. If they should prove to be 
so, it is likely that commercial companies might produce a crude extract 
of bouncing bet—incorporating it in lime-sulphur concentrate, cheaply. 
A single test extending over several months indicated that saponin, in 
itself, did not cause lime-sulphur to deteriorate. 


b. FUMIGANTS. 


The advantage of the fumigant—i. e. vapor or gaseous—contact 
insecticides are generally recognized. Likewise, disadvantages are 
equally well known. Generallv sneaking, gases diffuse ranidly and 
often penetrate where non-volatile liquids could never penetrate with- 
out damage—as in stored grain, clothing, etc. Also many gases or 
vapors are more rapidly absorbed by active insects than are any non- 
volatile liquid insecticides. A disadvantage, such as difficulty of con- 
fining a gas for the necessary period of time, may be overcome; but 
danger from fire and explosion in the case of carbon disulphide, and diffi- 
culty of application because of its danger to the operator in the case of 
hydrocyanic acid gas are disadvantages never entirely eliminated. It 
was in the hope of finding fumigants which might be safely substituted, 
in some cases, for the two fumigant insecticides just named that test 
work was carried on with ammonia and carbon tetra-chloride. 

Ammonia. ~Eixperience gained with ammonia as an insecticide, dur- 
ing the time its influence upon the respiration of insects was being 
studied, led to the belief that perhaps ammonia gas from compressed or 
liquified ammonia might be applied as an insect fumigant with greater 
ease and with less danger than hydrocyanic acid gas. Experiments car- 
ried out with Calandra granaria. Silvanus surinamensis, and larve of 
Tenebroides mauritanicus enclosed with a little dry wheat in tight 
glass receptacles showed that the insects could all be killed with three 
to four per cent ammonia in twenty to twenty-two hours. and with nine 
to ten per cent in six to seven hours. In fact, it was possible to kill in 
most cases at lower percentages, and in shorter periods when using’ the 
higher percentages of ammonia—but death was always certain when 
the gas was used at the rates given. 

A few germination tests were made with dry wheat treated with dif- 
ferent percentages of ammonia, 100 grains being used in each check and 
in each treated sample. It was found that where the percentage of am- 
monia was kept up to about 3.2 for 22 hours the germination was ruined. 
At 10 to 13.5 per cent for an interval of eight hours, however, the per 
cent of injury from ammonia to germination was less than one; for ten 
hours at 11.9 per cent the injury was over fifty per cent. 

Following the various laboratory tests, two fumigations of the college 
mill-room were carried out with ammonia gas derived from cylinders of 
compressed and partly liquefied ammonia. The room was closed as 
tightly as any plastered room with closely fitting windows may be clos- 
ed. The iron tube of ammonia was placed on a platform balance out- 
side, and the ammonia gas was conducted through a tube (properly fit- 
ted under the door) almost to the center of the room. Two wire cages 
of insects were left in the open where they could be seen from the out- 
side through the glass of the mill-room door. Two other cages were 
buried three and six inches, respectively, in dry wheat. There were 
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about fifteen bushels of sacked wheat, and a little corn in the ear, stored 
in the room. In the first test (Oct. 7, 1911) ten pounds of ammonia were 
passed through the tube. Since the air-space where the gas expanded 
was 7166 cubic feet, the percentage of ammonia was about 3.1 in the 
early part of the test. The experiment ran between nineteen and twenty 
hours. A caged specimen of the large American cockroach was still 
alive at the end of the test, but he was so under the influence of ammonia 
that he died from the effects later. S. swrinamensis and C. granaria in 
one of the exposed cages were motionless. Some of the Calandra recoy- 
ered in fresh air enough to move their legs, but none ever recovered en- 
tirely. All the beetles in the two cages buried in the wheat were active 
at the end of the test and were still alive and normal three days later. 
The next day living specimens of the saw-tooth grain beetle were found 
between the grains of the corn in the ear. 

On November 21, 1911, the mill was again fumigated with ammonia in 
the same manner as in the first test; but this time 32.5 Ibs. of the com- 
pressed ammonia were used—i. e., one pound of ammonia gas to 223.9 
cubic feet of air space. This gave about ten per cent of ammonia in the 
room. One hour and fifteen minutes were used in introducing the 
charge, and the room was kept closed (over night) for seventeen hours. 
Wire-caged insects had been introduced again, as well as several large 
sacks of infested wheat. About twenty bushels of new corn that was not 
very dry was present also. The latter became very decidedly darkened 
during the test. Wheat was always more or less darkened by ammonia 
fumigation in the laboratory tests—as well as in the mill test—but the 
dryer the grain, the less noticeable was the darkening in every case. In 
this test, a caged cockroach (P. americana) became quiet by the time 
the charge had been two-thirds introduced. The roach was dead at the 
end of the test, as were also the caged beetles left in the open. Mice were 
killed. One mouse was seen to come out on the floor and die when fumi- 
gation had been going for forty-five minutes. Insects about one inch 
deep in the wheat were killed, but caged beetles (saw-tooth grain beetle 
and grain weevil) buried in the center of a sack of wheat were active 
at the end of the test. In both the mill tests brass and copper parts of 
the mill machinery were covered with vaseline, which protected them 
perfectly from action by the ammonia. The compressed ammonia was 
certainly convenient to apply; and at three to four per cent, fumigation 
could be carried on with the gas at a reasonable cost, since iron cylind- 
ers of liquefied ammonia could be obtained at that time for twenty-nine 
cents per pound. Considerable of the ammonia was absorbed by the 
grain; but after a few hours airing, the odor disappeared. The dark- 
ening of the grain seemed to be an undesirable feature, however. Mr. 
Spragg of the Farm Crops Department prepared flour from three kinds 
of wheat treated in the first mill experiment—and also, from the three 
corresponding check samples of wheat. There was no taste of ammonia 
on any of the flour, but that from two of the treated samples of wheat 
was quite noticeably darker than the corresponding checks. A Lansing 
miller, who was kind enough to slick the samples of flour and judge 
them, decided that the action of the ammonia on the wheat had undoubt- 
edly injured its milling qualities commercially. To be sure, the grain 
was really darkened, noticeably, to a depth of only two or three inches 
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in a large container; but at that depth, the insects were not killed. For 
the reason just stated the mill experiments with ammonia were dis- 
couraging—although it appeared that the gas, in some instances, might 
prove to be a desirable fumigant for insects. 

Carbon Tetrachloride. Early in the year 1910, Professor Pettit was 
urged in behalf of the Michigan Millers to find, if possible, some volatile 
non-inflamable liquid which might take the place of carbon disulphide as 
a fumigant for grain in bins. It was suggested to him by Professor 
Kedzie of the Chemistry department that perhaps carbon tetrachloride 
might have the qualities desired. Following this suggestion, a series of 
comparative tests with carbon disulphide and carbon tetrachloride were 
carried out by Professor Pettit, Mr. M. A. Yothers (who was connected 
with the department at that time), and the writer, working together. 
The tests were made in large glass flasks with rubber stoppers. Among 
the insects in the infested grain used in these tests were the following 
beetles determined by Prof. F. H. Chittenden of the U. S. Bureau of 
Entomology: 


Rhizopertha dominica, 
Latheticus oryze. 
Laemophlacus pusillus, 
Calandra oryze, 
Tribolium ferrugineum. 


A great many Silvanus surinamensis were also used. In these tests 
carried out in the tight glass flasks, practically all beetles were killed 
by carbon disulphide used at the rate of 14 dram to a cubic foot of air 
space. It took 11% drams of the tetrachloride of carbon to accomplish 
the same result (at about 70° F.). That is, compared with carbon disul- 
phide, six times as much carbon tetrachloride was required to accomp- 
lish effective fumigation. The tests were run from seventeen to twenty- 
four hours. It should be stated that the liquid insecticide in every case 
was dropped upon a thin piece of absorbent cotton, which was suspended 
at the center of the flask. Thus, the broad surface of the cotton enabled 
the fluid to evaporate rapidly. The liquid carbon tetrachloride was 
found to be entirely non-inflammable—and its vapor, non-explosive. 

Results of the experiments just described were not published at the 
time—mainly because the expense for effective fumigation with carbon 
tetrachloride seemed so great as to be almost prohibitive. Dr. Britton 
of the Connecticut Experiment Station had given, in 1908, his experi- 
ments with carbon tetrachloride used as a fumigant against scale in- 
sects on nursery trees.* 

Later, Feb., 1910, Mr. Albert P. Morse published a note on “Carbon 
Tetrachloride vs. Carbon Bisulphid” as a fumigant used in the control 
of grain and natural history pests.; Mr. Morse stated that “for large 
cases a strength of one quart to fifty cubic feet is desirable—practically 
twice that of carbon bisulphid, of which a pint to fifty cubic feet is 
sufficent.” 

In October, 1911, Professor F. H. Chittenden and Mr. C. H. Popenoe 
of the U. 8. Department of Agriculture published a paper on experi- 
ments carried out with the same chemical used as a substitute for car- 


*Journal of Economic Entomology, Vol. 1, No. 2, jue pealale 
jJournal of Economic Entomology Vol. 3, No. 1, p. 104, 
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hon bisulphid in fumigation against insects.* The authors found that 
‘Gf the material were a cheap product, it might prove a substitute for 
carbon bisulphid if used in strength greater than ten pounds to one 
thousand cubic feet.” 

Later still (May, 1913), Professor H. Garman of the Kentucky station 
stated that, as the largest amount of carbon tetrachloride used in a series 
of tests, 20.8 ozs. to 100 cubic feet killed 100 per cent of the insects in 
nine cases out of twelve. 

In the Spring of 1914. a request came from the J. W. Knapp Dotan 
ment Store of Lansing, Michigan, asking for some safe means of insur- 
ing valuable furs, stored in a small room, against moths during the sum- 
mer. The “fur room’ was 4x614x614 feet—the side walls tightly built 
of matched lumber, the ceiling of glass. It was located in the large 
cloak and coat department room, where it was very accessible; but any 
fumigant used had to be as inoffensive as possible, without especial dan- 
ger to human life, and without the entailment of extra fire risk. Carbon 
tetrachloride suggested itself as the possible, satisfactory fumigant in 
this case. Further laboratory tests had shown the writer that with or- 
dinary wooden enclosures, which were not practically gas-tight (as was 
the case with the glass flasks), perfect fumigation could not “be obtained 
at usual room temperatures (68° to 70° EF), even when the carbon 
tetrachloride was exposed in a wide vessel. The vapor slowly escaped 
from the walls of such enclosures, and evaporation did not go on rapidly — 
enough at even 70° F. to bring about the necessary concentration for 
perfect fumigation. It was necessary to use heat and vaporize the liquid 
quickly. Dr. Britton had experienced a somewhat similar difficulty in 
volatilizing this liquid in his experiments with nursery stock. He final- 
ly resorted to the use of heated cast iron pans for generating the vapor 
more quickly (citation given above). Recommendation was made in this 
instance, therefore, that six pounds of carbon tetrachloride be vaporized 
from wide, heated pans placed near the ceiling of the “fur room”— 
and that the charge be started immediately after closing hours in the 
evening. According to this recommendation, the liquid carbon tetra- 
chloride was used at the rate of about 3.55 pounds to 100 cubic feet of 
room space. Heat for vaporization was supplied by hot, flat soapstones 
laid on iron brackets. The wide pans of carbon tetrachloride were set 
on the hot soapstones and the room was quickly closed. In the case of 
the first charge tried, the stones had not been made hot enough and not 
quite all the liquid insecticide had evaporated even after twenty-four 
hours. Several adult moths (Tinea biselliella) had been placed in a 
wire cage in the room. These were quiet when the cage was removed at 
the end of the twenty-four hours period, but after about four hours in 
fresh air two moths recovered enough to be able to move their legs. How- 
ever, none ever recovered entirely. Another charge was made with six 
pounds of the carbon tetrachloride, and this time the soapstones were 
made very hot so that the liquid vaporized rapidly. A cage of moths 
could be observed through the glass roof of the room. They quickly be- 
came quiet. Before morning all the liquid insecticide had been vaporiz- 
ed. The cage was removed after thirty-six hours, and the moths were 


*Bulletin No. 96, Part IV, ‘1911; Bureau of Entomology, U. S. Dept. of Agriculture, 
jKentucky Sta. Bulletin No. 172, p. 200, 
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kept under observation at intervals for one day; none of the insects 
showed any recovery. (See tables IV and V for the effect of carbon 
tetrachloride upon reductases and catalases). This last charge of in- 
secticide vapor was considered satisfactory; and following it, similar 
fumigations were made at intervals of about five weeks, on the average, 
from May until October. The large room, in which the “fur room” was 
located, was well ventilated and nothing of a disagreeable nature was 
ever experienced from the fumigation. All the furs came through the 
Summer in fine condition. The company management was so well pleas- 
ed that the same method is being used with the furs again in the Sum- 
mer of 1915. Moreover, Mr. Armstrong, who was in charge, reported 
that this method of caring for the furs had proven to be cheaper than 
‘cold storage’; and in addition, it afforded the very great advantage of 
convenience in having the furs where they were easily accessible. Car- 
bon tetrachloride cost the company twenty-seven cents per pound. 


C. HEAT AS AN INSECTICIDE. 


Finally, suggestions relating to possible practice should certainly 
call attention to heat as an insecticide. The effect of heat upon oxi- 
dases, catalases and reductases in the tissues of P. cornutus and 
various other insects has already been given earlier in this paper. No 
more efficient means than heat was found for destroying the activi- 
ties of these three agencies of the tissue cells; it was shown. that 
when specimens of P. cornutus were killed by the least degree of 
heat that could be effectively used, the activities of reductases, oxidases, 
and catalases were injured in a greater or less degree. The effect of dif- 
ferent degrees of heat in coagulating the various soluble proteins in ani- 
mal tissues is well known. It should be added here that fatal injury to 
the insects, and noticeable injury to one or more of the three kinds of 
enzyme-like bodies named, seemed to occur just before the first aggluti- 
nation of protein took place. The reductase was the most susceptible. 
In case of clear, filtered water extracts of the tissues of P. cornutus, 
which were heated up very slowly and gradually, the soluble catalase 
showed its greatest loss in activity earlier than the guaiac oxidase. The 
latter lost its principal activity at the moment of separation of the chief 
or largest protein precipitate. 

The fatal temperature, in the case of insects, varied considerably with 
the species and with the length of time the insects were exposed. No 
insects were tried, however (in small enclosures), which required a 
temperature of more than 122° F. maintained for a_ period of 
three hours to cause death; and at that temperature, death 
usually resulted quickly. Now, 122° F. is a comparatively low 
temperature and many plants can stand exposure to even higher temper- 
atures for several minutes without appreciable injury. It is very well 
known that cabbage can endure hot water or hot soapsuds much better 
than can the common “cabbage worm.” In fact, when cabbage is head- 
ing, hardly any safer or better method for killing cabbage-worms in the 
home garden is practiced than the use of hot soapsuds. During the last 
five or six years, Professor Dean of the Kansas State Agricultural Col- 
lege and Experiment Station has introduced heat as a comparatively 
cheap and efficient method of controlling all classes of mill-infesting in- 


494 STATE BOARD OF AGRICULTURE. 


sects.* The method has been put to the test in several other states and 
is now recognized as the best method vf controlling insects in well built, 
steam-heated mills. 

In view of the above facts it has seemed to the author that perhaps 
heat might be applied to advantage as an insecticide for many insects 
in situations where it has never been the practice to use it. A few, more 
specific suggestions may be made. ‘There have never been any extensive 
tests carried out (so far as we have been able to find) to determine 
whether heat might not be used profitably in certain instances to clean 
some kinds of nursery stock of insect pests. One opportunity was af- 
forded the author of making a limited test of the possibilities along this 
line. Forty-four one year old apple-stocks were given by the Department 
of Horticulture for the test. It had been found by trial that San Jose 
scale on thickly infested twigs could be killed by submerging them for 
five minutes in water heated to 180° F. The green apple aphis was killed 
within one-half minute in water at that temperature. The test with the 
apple-stocks was carried out, therefore, to learn something of the effect, 
upon the stocks themselves, of dipping them in water at certain tem- 
peratures for different periods of time. The bundle of stocks, wrapped 
in sphagnum, had been kept all winter in the basement of the cold stor- 
age plant at the College. They were still almost entirely dormant on 
May 4th, 1914, when the test was started. Ten average stocks were 
picked out for a check—not to be treated, but planted just as they came 
from the storage. The remainder were given treatment as follows :— 


(1) 5 stocks—tops, only, dipped at 130° F. for 5 mins. 
(2) 5 stocks—tops, only, dipped at 130° I. for 10 mins. 
_ (3) 5 stocks—tops and roots dipped at 130° F. for 6 mins. 
(4) 5 stocks—tops, only, dipped at 140° I. for 5 mins. 
(5) 5 stocks—tops, only, dipped at 140° F. for 15 mins. 
(6) 5 stocks—tops and roots dipped at 140° F. for 20 mins. 
(7) 4 stocks—tops and roots dipped at 150° F. for 10 minutes. 


All the stocks were then planted in a row close together at the same 
depth in the same kind of soil. 

The checks or untreated stocks leaved out several days ahead of the 
treated plants, but all of the latter finally came into leaf, and were still 
alive in the fall—except the four stocks which had been treated in 
water at 150° F. for 10 minutes. Those four plants had been killed, 
evidently by the treatment. Wxamined on May 21, 1915, most of the 
young apple trees were in almost full leaf. The dead and-injured trees 
could be easily recognized. Nine of the trees in the check were alive and 
one dead. By numbers, the condition of the treated trees was as fol- 


trees alive. 
trees alive; 1 tree dead. 
trees alive; 2 trees dead. 
trees alive; 2 trees dead. 
trees alive; 5 of them with 3 or 4 inches of stock dead at the ~ 
top. 
*Bulletin No. 189, 1918, Kansas Agr. Expt. Station. 
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(6) 2 trees alive; 3 trees dead. 

(7) These trees were all dead last Fall. 

It will be observed that some of these plants stood exposure to a high- 
er temperature for a longer period than would be necessary to kill San 
Jose scale. This test is not offered as in any way conclusive, however. 
It is described here in order to better call attention to the suggestion 
that possibly a careful and thorough investigation along this and similar 
lines might be worth while. 

Most household pests succumb readily to heat. For example, adults 
of one of the common clothes-mothes (7'inea biselliella) may be quickly 
killed at 119° F. A hot flat iron has often been recommended as a 
means of killing the larye of moths in clothing—but might not some 
practical and safe means of applying heat be arranged to insure valuable 
clothing in chests or closets against moths? Thus, there are many pos- 
sibilities for heat, as an insecticide, that have never been carefully and 
systematically tested as to their larger practicability. 


GENERAL CONCLUSIONS. 


teductases, catalases and oxidases were found in water extracts and 
in the insoluble pulp of the tissues of P. Cornutus and other insects. 
Moreoyer, almost certain evidence indicated that the same three kinds of 

enzyme-like bodies exist in the intact tissues of living insects. 

' Heat of certain intensities, and the several contact insecticides studied 
(gasoline, carbon-disulphide, hydrocyanic acid gas, sodium fluoride, 
ete.), when used at a concentration sufficient to kill insects, deleterious- 
ly affected the activities of reductases, catalases and oxidases—usually 
in unequal degree, thus disturbing the natural or normal balance of 
such activities. 

If the catalase, oxidase, and reductase activities are actually of as 
vital importance to the life processes of the tissue cells as certain 
evidence indicated, then the deleterious action of the contact insecticides 
studied in this connection must be an important factor—perhaps, in 
some cases, the determining factor—in causing the death of treated 
insects. 

A study of the influence of the various contact insecticides upon the 
life processes in nervous tissue cells seems of next importance in this 
connection. 

Fat or fat-like membrances (e. g., lard and lanoline) absorbed gasoline- 
vapor (and chloroform-yapor) from air charged with that vapor, and 
the absorbed yapor rendered the membranes less permeable to oxygen. 
This finding may, in part, account for the fact that less oxygen was used 
by an insect deeply under the influence of gasoline, since a similar con- 
dition existed—in that, under such circumstances, the lipoids of the liy- 
ing, oxygen-absorbing cells, and of. the body fluids surrounding them, 
were impregnated with gasoline. So also, the same finding may help 
to explain the fact that, in the presence of air containing gasoline vapor, 
less hydroquinone was oxidized in an “insect tissue extract plus hydro- 
quinone solution” (in which the reductase had mostly passed) than 
was the case when the same extract was in pure air. 

Waxen membranes which had been thoroughly wet with lime-sulphur 
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solution were found to be less permeable to oxygen than before they 
were treated with the solution. Thus lime-sulphur, in addition to its 
effect as described in a former paper, would render the waxen coyering 
of a scale insect less permeable to oxygen. 

Pup of the Luna moth, and adults of Passalus cornutus in a dormant 
condition from cold, absorbed much less gasoline-vapor or yapor of ether 
in air than did the same insects when they were most active, at a warm 
room temperature, in air charged with practically the same percentage 
of vapor. This lowered absorption capacity, which was found to accom- 
pany the dormant condition, may furnish the chief explanation of the 
fact that insects, dormant from cold, are harder to kill by ordinary 
fumigants and by those contact sprays which depend partly upon yola- 
tile insecticide ingredients for their effectiveness. 

It was found that certain non-volatile, powdered solids were able to 
act as effective contact insecticides when used on certain insects. Such 
dry, powdered insecticides stuck fast in exudations on portions of the 
insect body, where they became partly dissolved, after which they ap- 
peared to be slowly absorbed through the body-integument. 

Both powdered borax and sodium fluoride may kill cockroaches in the 
manner of purely contact agents, but normally they become stomach 
poisons as well—since the roaches regularly lick and swallow some of 
the powder in cleaning it from their bodies. 

In the ease of powdered solid contact insecticides, the adyantage 
seemed to lie in having the powder so fine and dry that it could sift 
readily into all crevices and could adhere well. Similarly, other things 
being equal, a weak surface tension gave a liquid contact insecticide an 
advantage, enabling it to thoroughly wet the bodies.of insects and to flow 
into all irregularities of the area treated. 

Among several substances which were found to increase the “spread” 
of lime-sulphur solution, saponin or extracts taken directly from the 
stems and leaves of Saponaria officinalis (bouncing bet) seemed to be 
best. It is suggested that perhaps the use of extracts from “bouncing- 
bet hay” with lime-sulphur solution might prove profitable in orchard 
spray-practice. 

Experiments with ammonia (derived from dry liquefied ammonia) as 
a fumigant for mill insects were rather disappointing; but the liquified 
ammonia was easy to apply and might prove to be a desirable fumigant 
for insects in some instances. 

When carbon tetrachloride was compared with carbon disulphide as 
to its action on grain insects in tight flasks, six times as much of the 
former was required for effective fumigation. The carbon tetrachloride 
was vaporized with heat and satisfactorily used, at the rate of 3.55 Ibs. 
for 100 cubic feet of air space, to insure furs against moths—fumigation 
being repeated every five weeks during the summer months. The charge 
as used killed adults of Tinea biselliella. 

Evidence indicates that heat might be applied to advantage as an in- 
secticide in many situations where it has never been the practice to use — 
it. 
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PLATE I. 


Fig. 1. Sample of thick creamy extract in the left stender dish was 
treated strongly with CS, and Ee hydroquinone was added later in 
the presence of the CS,. 

Check extract to the right (not treated) had the same amount of “ 
hydroquinone added, at the same time as the treated extract. 

The darker color of the check shows the greater oxidation of the hydro- 
quinone to quinone. 

Fig. 2. Shows the form of sealed tube in which the reducing action 
of insect-tissue extract toward methylene blue, indigo carmine, ete., was 
studied. 

Fig. 3. First cup to the left shows the darkened solution of tyrosin, 
oxidized under the influence of a crushed elytra (thoroughly cleaned 
with alcohol) of an old adult P. cornutus. 

Middle cup contains clear unoxidized solution of tyrosin with crush- 
ed elytra which had been heated to boiling for 10 minutes. 

Cup to the right—check, containing only tyrosin solution which re- 
mained clear during the 7 days of the test. 

Vig. 4. Cockroach (P. americana), showing the head and arrange: 
ment of the white bristol-board collar to prevent the insecticide powder, 
with which the body was treated, from reaching the insect’s mouth. 
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EFFECT OF TEMPERATURE ON THE MOVEMENT OF WATER 
VAPOR AND CAPILLARY MOISTURE IN SOILS. 


Technical Bulletin No. 22. 


MOVEMENT OF MOISTURE FROM WARM TO COLD COLUMN OF SOIL OF UNIFORM 
MOISTURE CONTENT. 


The surface tension and viscosity of water decrease with rise in tem- 
perature to the extent shown by the data in table 1. 


TABLE 1.—RELATION OF TEMPERATURE TO THE SURIACE TENSION AND VISCOSITY 


OF WATER. 
- oes | ~! os 

Temperature C°. | Surface tension. Viscosity. 

0 | 100. 100 

10 97 .96 13.32 

20 94.32 56.70 

30 91.62 45.12 

40 88.46 36.96 

50 85.52 30.17 


It will be noted that the degree of diminution with rise in temperature 
is considerably greater in the case of viscosity than in surface tension. 

During the warm part of the year the soil at the upper depths main- 
tains a rather marked temperature gradient which reverses itself between 
day and night to the depth that the diurnal amplitude of temperature 
oscillation extends. This diurnal change of temperature gradient occa- 
sions an alteration in surface tension and viscosity of the soil moisture, 
the amount depending upon its variation at the different depths. Since 
capillary action is said to depend upon surface tension, and facility of 
movement upon viscosity, then there should occur an upward and down- 
ward movement of moisture as the temperature gradient changes diurnal- 
ly. During the day, for example, the temperature of the soil is highest 
at the surface and diminishes with depth; the surface tension and the 
viscosity of soil moisture, are lowest at the surface and rise with depth; 
consequently the movement of moisture should be downward. During the 
night, the reverse is true; the soil temperature is lowest at the surface 
and inereases with depth; the surface tension and the viscosity of the soil 
water are greatest at the top and diminish downward with increase of 
temperature; hence, the water translocation should be upward. 

These considerations are a priori deductions from the laws of surface 
tension and viscosity in their relation to temperature. Whether or not 
they are valid, however, is heretofore not known; since there appear to be 
no experimental data bearing directly upon the subject. 

With the object in view of ascertaining this important and much de- 
sired information an investigation of the problem was undertaken. The 
general method of procedure consisted of placing soil of different but 
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uniform moisture content in brass tubes 8 inches long and 114 inches 
in diameter, closing both ends with solid rubber stoppers, and keeping 
one-half of the soil column at a high temperature and the other half at a 
low temperature for a certain length of time, then determining the per- 
centage of moisture of the two columns, and attributing any difference in 
water content to thermal translocation. There were only two amplitudes 
of temperature employed, 0° to 20° C., and 0° to 40° C., i. e., one-half of 
the soil column was kept at 0° C. and the other half at 20° and 40° C. 
For producing these temperature amplitudes wooden boxes were used 
which contained melting ice and warm water separately and their tem- 
peratures were maintained constant by the addition of ice and hot water 
respectively. 

The movement of moisture from warm to cold soil was studied in two 
different ways: (1) when the column of soil stood horizontally, and (2) 
when it stood vertically. For the first case, the wooden boxes used were 
22 inches long, 10 inches wide, and 20 inches deep, having a wooden parti- 
tion in the center which contained perforations of the size to fit the tubes. 
One compartment contained melting ice and the other water at the de- 
sired temperature. To prevent any exchange of water between the two 
compartments the edges of the partition and the holes through which the 
tubes passed were made water-tight by means of paraffin. For the second 
study, the employment of two boxes was necessary. One box, which con- 
tained melting ice, was 24 inches long, 10 inches wide, and 15 inches 
deep. The other box, which contained water at the desired temperature, 
was made to fit the inner side of the first box and was 15 inches long, 7 
inches wide and 11 inches deep. The bottom of the small box was sup- 
plied with holes in which to place the tubes. The size of the perforations 
was made to fit the tubes tightly. To make the small box also water 
proof the crevices surrounding the tubes were sealed with melted paraffin. 
The small box was then put upon supports in the large box. The latter 
was filled with melting ice up to and touching the bottom of the former. 
The water in the upper box was kept at the desired temperature. <A 
diagram of both set of boxes is shown in figure 1. All the boxes were 
well insulated, and since they were big and contained large volumes of 
water the temperature could be kept to within small variations for long 
time. The water was stirred occasionally, to maintain uniformity of 
temperature throughout the mass. 

The temperature amplitudes employed are within the upper limit of the 
diurnal amplitudes of temperature at the upper depths in the soil but 
they are too high for the range of temperature that exists at any one 
time between the various adjacent depths. 

The duration of each experiment was about eight hours. This time 
limit was calculated to represent approximately the lengih of time 
that the day and night soil temperature gradient is most marked. 

The effect of temperature on the movement of moisture in soils of uni- 
form moisture content was investigated in 5 diverse classes of soil, 
namely: Miami light sandy loam, Miami heavy sandy loam, Miami silt 
loam, Clyde silt loam and Miami clay. Each soil contained a large num- 
ber of different moisture contents. These various moisture contents in 
each soil ranged from very low to very high. 

To procure very uniform moisture content throughout the soil column 
each soil, after it was moistened to the desired degree, was passed through 
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FIG. 1. APPARATUS FOR MEASURING THE THERMAL MOVEMENT OF MOISTURE 
IN SOILS EITHER VERTICALLY OR HORIZONTALLY. 
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a sieve and then mixed thoroughly. It was then placed in the tubes and 
packed uniformly by allowing the tubes to fall in a vertical position from 
a certain height a definite number of times. 

At the end of each experiment the warm column was separated from 
the cold column of soil by means of a spatula. This was done by draw- 
ing out all the soil from that warm section of the tube which extended up 
to the plane of the partition and allowing for the cold column of soil 
all the soil that was contained in that cold section of the tube up to the 
other plane of the partition, and also that portion of the soil contained 
in the tube under the hole of the partition. This last part of the soil was 
accorded to the cold column of soil because its temperature is inter- 
mediate between the opposite temperature extremes and it was desired 
to make the lines of demarcation between the two columns of soil as 
prominent and distinct as possible. The moist soils were dried in an 
electrical oven for about 20 hours at a temperature of 105° C., and the 
percentage of moisture content was calculated on the dry basis. The 
weights were always made on a sensitive chemical balance. 

The fact has been mentioned that the mobility of moisture from warm 
to cold column of soil was studied in two different ways: (1) when the 
column of soil stood horizontally, and (2) when it stood vertically. The 
data obtained from both series of experiments show that if the same per- 
centages of moisture were employed practically the same results were 
obtained, no matter whether the soil columns remained in the horizontal 
or vertical position. For sake of brevity and simplicity of presentation, 
therefore, only the results of the series of experiments wherein the soil 
column was held in the vertical position, will be presented here. These 
experimental data together with their diagramatic representations are 
submitted below. Table 2 contains the different soils with their various 
moisture contents, and the percentage of moisture moved from the column 
of soil at 20° to the column of soil at 0° C., and from the column of 
soil at 40° to the column of soil at 0° C. The percentage of moisture 
moved represents the difference between the percentages of moisture 
found in the cold and warm columns of soil respectively at the end of 
the experiment; at the beginning of the experiment the moisture content 
was the same in both columns of soil. Figure 2 represents all these data 
in a graphical form. 

The foregoing data present many important and remarkable facts. 
First of all, they show most emphatically that the a priori prediction re- 
garding the thermal movement of moisture as deduced from the laws of 
surface tension and viscosity in their relation to temperature, is not 
strictly realized. According to these laws the amount of water moved 
from warm to cold column of soil should be the same for all moisture 
contents, providing the soil mass exerts no influence upon water; in- 
asmuch, however, as the soil does exert an adhesive force for water, then 
the thermal translocation of moisture should increase with rise in water 
content. Instead, the percentage of water moved from warm to cold col- 
umn of soil, at both temperature amplitudes, increases regularly and 
rapidly with increase in moisture content in all the different types of 
soil, until a certain moisture content is reached and then it commences 
to decrease with further rise in percentage of water. The results plot then 
into a parabola, with a maximum point, instead of a straight line, This 
maximum point of water thermal translocation is significant in at least 
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(1) it is quantitatively about the same for all diverse classes 


of soil, and qualitatively the same for both amplitudes of temperature, 
and (2) it is attained at entirely different moisture contents in the 


various soils, and at a comparatively low percentage of moisture. On re- 
ferring to the data in table 2 it will be seen that the maximum thermal 
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noted that the percentage of thermal motion of water increases more 
than proportionally with temperature. The temperature of 40° C. for 
instance, is only twice as great as 20° C. while the percentage of mois- 
ture moved is three times greater in the former case than in the latter. 
The water content of the various soils at which the maximum thermal 
translocation occurs is 7.50 per cent for light sandy loam, 9.08 for heavy 
sandy loam, 14.21 for silt loam, 18.80 for Clyde silt loam, and 19.29 for 
clay. 

Obviously then, the maximum thermal water movement depends upon 
a definite condition of moisture of any particular soil; a deviation from 
this definite degree of moisture in either direction causes a decrease in 
thermal movement of water. Since this definite percentage of moisture 
at which the greatest quantity of water is able to move from warm to 
cold column of soil appears to be a specific constant or characteristic of 
the various soils, it is proposed to designate it as thermal critical mois- 
ture content. A thermal critical moisture content may be defined then 
as that percentage of moisture in a soil which allows the greatest amount 
of water to move from a warm to a cold soil at any amplitude of tem- 
perature. 

A further examination of the preceding experimental data shows that 
the thermal movement of moisture is extremely sensitive to the amount 
of water present in a soil. It will be noted that by increasing or decreasing 
the percentage of soil water by small degrees the thermal movement varies 
very markedly in either direction. From this it follows that the thermal 
critical moisture content must be quite definite, and in order to obtain it 
absolutely the percentage of soil moisture near the point of maximum 
thermal movement must be increased by small amounts. This applies 
especially to the light sandy soil in which the sensitiveness appears to 
be more marked and the range more limited. If the increase in percent- 
age of moisture content took place in this soil by 0.1% instead of 1.0% 
the maximum thermal translocation would probably have been as high 
as that of the other soils. It is possible, however, that the value ob- 
tained is about the upper limit for this soil and consequently for all soils 
of its type. 

The diminution of the thermal translocation of water with decrease in 
moisture content from the point of thermal critical moisture content, 
might be anticipated, but the decrease of water movement with further 
increase of moisture content after the point of thermal critical moisture 
content, was not expected. Indeed, it was at first thought that the move- 
ment would be greater at the highest moisture contents because there 
would also occur a gravitational movement. .When soils containing as 
high as 35.0 and 30.0 per cent of moisture as did the Clyde silt loam and 
the clay respectively and when one-half of their column is kept at 40° C. 
and the other at 0° C. for 8 hours, such expectation as the above is not 
at all unnatural. Instead, the water movement at these highest mois- 
ture contents is very low, and in descending order, and the cessation of 
diminution is not as yet reached. These results go to show then, in a 
most striking manner, that the soils possess a very great attraction for 
water, and that their requirements for water to satisfy their attractive 
forces before free movement of water can take place, are indeed high. 
Until the point is reached where gravitational movement occurs the mois- 
ture in the soil is held by a force of great magnitude. 
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Now, the next question is how may this peculiar thermal translocation 
of water be explained? What are the causal agents which bring it 
about? 

As already stated it is not entirely due to the surface tension and vis- 
cosity of the soil water; for if that were the case then the movement 
should have followed a different course. If the soil exerted no adhesive 
force for water than the amount of moisture moved from warm to cold 
column of soil should be the same for all moisture contents, providing 
the force of gravity is eliminated, for any particular amplitude of tem- 
perature. But since the soil does exert a strong adhesive force for water 
then the thermal motion of water should follow a straight line with rise 
in moisture content, for any given difference in temperature. Instead, 
the results plot into a parabola. Evidently, there must be another ex- 
planation for the phenomena. 

The best explanation that is suggested appears to be founded upon the 
following four assumptions: (1)The soil possesses an attractive power 
for water and holds it with a great adhesive force; (2) these attractive 
and adhesive forces decrease with increase in temperature; (3) the sur- 
face tension or cohesive power of the liquid also diminishes with rise in 
temperature; and (4), the force due to the curvature of the water films 
between the soil grains which are known as capillary films, decreases with 
increase of water content. 

All these four assumptions appear to be correct. The validity of the 
third and fourth is generally recognized and consequently need no fur- 
ther discussion. The validity of the first is also universally accepted ; 
that the soil possesses an attractive power for water can hardly be de- 
nied; that the soil holds the water with a great adhesive force is evi- 
deneed by the great difficulty experienced in attempting to separate the 
one from the other. Indeed, this adhesive force is so great that no 
method as yet has been devised either to execute a complete separation 
of the two components, or to measure with any degree of precision its 
magnitude. The researches of Lagergren', Young’, and Lord Rayleigh® 
indicate, however, that this force may be an order of magnitude from 
6,000 to 25,000 atmospheres. As the water content increases this foree 
decreases. 

The great attractive and adhesive forces which the soil exerts for water 
are further illustrated by the researches of Briggs and McLane on the 
moisture equivalent and those of Briggs and Shantz* on the wilting co- 
efficient of plants’. By whirling wetted soils in a rapidly revolving 
centrifuge, fitted with a filtering device in the periphery, and developing 
a force equivalent on the average to 3,000 times the attraction of gravity, 
Briggs and McLane found that. some clay soils would still contain about 
50% of water. Biggs’s and Shantz’s studies on the wilting ccefficient of 
plants show that plants would wilt and die in clay soils even when the 
moisture content was still about 30% 

Of all the four assumptions the Coen of the third, namely, that 
the attractive and adhesive forces decrease with rise in temperature may 
be doubted by many and challenged by few; the theoretical and experi- 

1Uber die beim Benetzen fein verteilter Oruer auftretende Mis as von Lagergren, 
Behang till K. SV. Ve-takakt., Handl... 24, No 

2Hydrostatics and elementary hydr dwenes: ’G. M. Minchin, p. 

(1890 the theory of surface forces, by Lord Rayleigh, Phil. Mag. 313}, 30, "285-298, 456-475, 


aeetietin 45, U. S. Bureau of Soils. 
Bulletin 230, U. S. Lureau of Plant Industry. 
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mental evidences, however, are overwhelmingly in its favor. According 
to the law of kinetic energy the attractive and adhesive forces of solids 
for liquids, and gases or vapors, should decrease with rise in tempera- 
ture. The investigations upon the absorption of gases and vapors at 
different temperatures show such to be the case. The work of de Sausure® 
and Von Dobeneck’ upon the absorption of gas by different solid ma- 
terials, and the researches of Knop* and Ammon® upon the absorption of 
water vapor by soil, seem to show conclusively that the absorptive power 
of diverse solid materi als for gases and w ater y vapor, decreases with in- 
crease in temperature. The only evidence which is contrary to the above 
is that obtained by Hilgard’® on the absorption of water by dry soils from 
a saturated atmosphere. Hilgard’s results show that the absorption of 
water vapor by soils increases with rise in temperature. The results ob- 
tained by the several investigators mentioned as well as new evidence 
which will subsequently be presented, tend to throw considerable doubt 
on the correctness of Hilgard’s data. Hence, it can safely be asserted 
that the third assumption is correct. 

Bearing these ‘postulates in mind the phenomena of thermal water 
translocation observed may be explained as follows:'The soil with lowest 
moisture content holds the water with-a force of great magnitude. When 
the temperature of a column of this soil is uniform throughout the ad- 
hesive and attractive forces are at an equilibrium. When one half of this 
column of soil is heated to 40° C. and the other half to 0° C. this equi- 
librium is disturbed. The attractive and adhesive forces of the soil for 
water and the cohesive power or surface tension of the soil water are 
decreased in that portion of the soil column which is maintained at 40° 
©. and increased to a corresponding magnitude in that portion of the soil 
column which is kept at 0° C. The cold column, therefore, exerts a pull 
and draws water from the warm column in amount depending upon the 
quantity that the warm column of soil is willing to give up. Since the 
soil possesses a great attraction for water, which attraction varies with 
the diverse classes of soil, and inasmuch as this attractive force is not 
satisfied at the low moisture content, the warm soil parts only with a 
small amount of its water. Hence, the amount of water moved from 
the warm column to the cold column of soil, is small. At the next higher 
moisture content the attractive power of the soil for water is further 
satisfied and the total water content is held with less force. When a 
column of this soil is kept at the same amplitudes of temperature as 
above, the decrease and increase of the adhesive and cohesive forces, due 
entirely to temperature, between the warm and cold columns of soil are 
equal in amount as in the soil with the lowest moisture content. Water, 
therefore, tends to move from the warm to the cold soil. Inasmuch, as 
the attraction of the soil has been further satisfied and the water films 
further thickened, the pull of the cold soil, due only to the attractive 
forces of the soil for water, is decreased, but the ease with which the 
warm soil gives up moisture is, on the other hand, increased. The result 
is that even though the total effective pull (which is composed of the in- 
creased surface tension of water, increased attractive and adhesive forces 
of soil for water, and the force of the curvature of the capillary films) 


6Ann. Phys. Gilbert, 47, 113 (1814). 

7Forsch. A Phys., 15, 163 (1892). 

®Cited Pye johnson, How ee eed, pp. 161-162, (1870). 
*Torsch, erin 2, 163 (1892). 

10Soils, p. As (1912). 
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of the cold soil with the high moisture content is less than that of the 
soil with low moisture content, the greater ease with which the warm 
soil with high water content parts with moisture enables the reduced 
affective pull to draw more water from the warm to the cold side. As the 
moisture content of the soil is continually increased its attractive power 
is satisfied and the curvature of the capillary films decreased, correspond- 
ingly; the total effective pull of the cold column of soil is continually dle- 
creased but the ease with which the warm column of soil gives up mois- 
ture is also continually increased, so that the thermal translocation of 
water is constantly increased with rise in moisture content. Finally, a 
degree of moisture content is reached in which the effective pull of the 
cold column of soil is able to extract the greatest amount of water from 
the warm column of soil. This degree of water content is the thermal 
critical moisture content. At this point the attractive power of the soil 
for water is considerably satisfied but far from being entirely appeased ; 
the total effective pull of the cold column of soil is also considerably less 
than that of the preceding columns of soil, but the warm column yields 
water to this pull with such ease that there occurs a maximum thermal 
water translocation. Inasmuch as the. water attractive power is dif- 
ferent for the various kinds of soils, this thermal critical moisture con- 
tent is necessarily different. After this thermal critical moisture 
content is reached the effective pull of the cold column of soil is further 
decreased with continued increase of moisture content; and although the 
willingness of the warm column of soil to part more readily with mois- 
ture is also increased, yet the pull of the cold column of soil is not suffi-- 
ciently strong to draw it, and consequently the thermal movement of 
water commences to decrease; and continues to diminish very regularly 
and gradually with continued increase in moisture content. When the 
highest percentage of water is reached the warm soil is very willing to 
part with a very large amount of water but since the effective pull of the 
cold soil is reduced almost to minimum, only a small amount of moisture 
is drawn from the former to the latter. . 

The degree of moisture of the different soils could not be further in- 
creased on account of the difficulty of sifting them, and consequently it 
cannot be stated with certainty whether the thermal movement of water 
would become zero at a still higher moisture content. From the 
theoretical point of view, however, it should not become zero because the 
pull due to the surface tension of water alone is not affected by inérease 
of moisture content, but remains constant. The portion of pulling force 
which is decreased constantly with rise in moisture content is that per- 
taining to the attractive power of soil for water, and to the curyature 
of the capillary film. At or near the point of saturation the pulling 
power due to these two factors is probably zero; at this point the soil 
may be considered to be passive. Any thermal movement of water that 
takes place at or near the point of saturation is to be attributed to the 
surface tension of the soil water. If this assumption is correct, and if 
the percentage of moisture moved at the highest moisture contents em- 
ployed, is to be considered as a measure of the amount of thermal trans- 
location due to surface tension of water alone, it will be found that the 
quantity due to this force, is very small indeed. As will be seen from 
the experimental data, the percentage of moisture moved at both ampli: 
tudes of temperature is reduced to an insignificant value at the highest 
moisture contents. 
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The foregoing exposition as to the cause and mechanism of the phe- 
nomena of thermal water translocation, will probably be made more clear 
by figure 3. This diagramatic representation, however, by no means pic- 
tures, the real cause ‘and mechanism, absolutely and ‘accurately, but it 
will serve, it is believed, to make what has already been said more clear. 

Let the ordinate represent the effective pull of the cold column of soil, 
and the willingness of the warm column of soil to part with water, at 


EFFECTIVE PULL AND WILLINGNESS 


PERCENT OF SIOLSTURE 


FIG. 3. CURVE ILLUSTRATING THE CAUSE AND MECHANISM OF THE THERMAL 
MOVEMENT OF WATER IN SOILS OF UNIFORM MOISTURE CONTENT. 


different moisture content; and the abscissa, the different percentages 
of water contained by the soil. By plotting the effective pull and willing- 
ness against the moisture content it will be seen that the effective pull 
decreases and the willingness increases, with rise in moisture content. 
At the point where the two lines cross probably occurs the maximum 
thermal translocation of water. After this point of intersection, the 
willingness of the warm soil to give up water is large, but since the ef- 
fective pull is being reduced to minimum, the water is not moved. If 
now a parabola is drawn along the lines WP with its maximum value at 
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the point of intersection, then this theoretical curve agrees almost per-: 
fectly with the real one in figure 2. 

The serious fault with the above illustration is that the total effective 
pull tends to become zero, and, theoretically, this should not be the case, 
because while the pull due to the attractive power of the soil for water, 
and to the curvature of the capillary films will ultimately become zero, 
the pull due to the increased surface tension of the soil water should 
not become zero, but should remain the same for all moisture contents. 
Hence, the above diagram illustrates more correctly only the thermal 
translocation of the water as due to all the other forces except to the 
surface tension of water. 

The next important question to consider is the mode and amount of 
thermal translocation of water in field soils as suggested by the fore- 
going laboratory experimental data. Under field conditions the soil 
moisture exists practically always in a gradient form. As the water 
content tends to decrease upwards from the water level, the forces due 
to the curvature of the capillary films, and to the attractive power of 
the soil for water, increase correspondingly, consequently the pull is up- 
ward. The soil temperature also exists in a gradient form, but this 
reverses itself diurnally and therefore modifies these pulling forces. Dur- 
ing the day the temperature at the upper depths is higher than that be- 
low, the attractive and adhesive forces of the soil for water, and the sur- 
face tension of water, are decreased, so that the total upward effective 
pull is diminished correspondingly. Inasmuch as the temperature be- 
low is less than that above, the effective pull due only to the increased 
attractive and adhesive forces of the soil for water and to the surface 
tension of the soil water, should occasion a downward movement of mois- 
ture. Since, however, the water attractive forces of the soil below are 
more satisfied than those of the soil above, the downward pull, due only 
to the attraction, adhesion and surface tension as increased by a lower 
temperature, is very small in comparison with the upward pull. Hence, 
during the day, the moisture movement is upward. During the night, 
nearly all of the above forces act in a parallel direction and favor an up- 
ward movement. Hence, the thermal movement of capillary moisture | in 
soils is always upward and never downward, 

The extent to which moisture will move during the night from the 
warmer soil below to the colder soil above will depend, (1) upon the 
soil temperature gradient, that is, upon the difference in temperature of 
the various adjacent depths, and (2) upon the gradient or amount of 
moisture content at the various depths. In the preceding series of ex- 
periments the temperature amplitudes of 20° and 40° C. were employed. 
In nature, however, so large and sharp variations in temperature be- 
tween adjacent depths never occur during the night; (they do occur, 
however, at the upper depths between day and night). Soil temperature 
investigations which are being conducted at this Station show that in 
the early morning when the temperature gradient is most marked, the 
temperature of the bare mineral soils increases, sometimes in the summer 
and fall at the average rate of about 2° or 8° C. for each inch depth 
down to about 4 inches and then this rate becomes less. In cropped 
soils, where the temperature remains more constant, this rate of in- 
crease of temperature with depth is still Jess. Hence, the amount of 
thermal translocation of water that would occur during a single night 
would be very small. On the other hand, the maximum thermal trans- 
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location of water obtained in the preceding series of experiments was 
procured from column of soil with uniform moisture content. As will 
be shown subsequently there is no doubt whatever, but that this maxi- 
mum thermal translocation of water in the various soils would have been 
far greater if the moisture content of the cold column of soil was less 
than that of the warm column of soil. In nature, as already mentioned, 
the moisture exists in a gradient form and consequently the movement 
of water is upward, and the forces of the factors which cause this up- 
ward movement are increased during the night. Hence, while the amount 
of thermal translocation of water during a single night in bare soils 
under field conditions may not be as great as that obtained in the fore- 
going series of experiments, yet it will be quite appreciable; and since 
the process is repeated, the swn of water translocation of all the nights 
during the vegetative season, will probably be considerable. 

The moisture content at which the maximum thermal translocation of 
water occurs, or what has been designated as the thermal critical mois- 
ture content, is very significant and needs further consideration. It 
would be of very great interest to know, for instance, what the thick- 
ness of the water film around the particles is at this degree of mois- 
ture. This thickness could be calculated if all the soil grains were solid 
and spherical. The particles of the soils used, however,—and these are 
the commoner types of agricultural soils—are neither spherical nor solid. 
Nearly all the particles in agricultural soils can be said to be irregular in 
shape; some of them are solid and enveloped with a colloidal coating ; 
others are compound aggregates or “crumbs” and are porous; and still 
others, mainly of the peat nature, are of a sponge structure, and are 
necessarily porous. The particles of a soil or soils may be classified 
under two categories: (1) particles which are solid and have only an 
external surface, and (2) particles which are partly or wholly porous 
and possess both an external and internal surface. In the case of the 
solid and cleaned surface particles, the water film is spread over the 
surface, but in the case of the solid particles coated with colloids, or 
the mineral flocules and the organic particles, the film of water en- 
velopes, theoretically, their whole external surface, and also water per- 
meates their internal surface. The single solid mineral grains, which 
may compose the compound particles, may be cemented together in a 
way analogous to that found in a piece of sandstone, in which case the 
water exists only in the interstices and not as a complete film around 
each particle. Furthermore, whether the soil grains are solid or spheri- 
cal, or compound and porous, the water film is not uniform in thickness 
over the entire inner surface of the soil mass, but thickens more at the 
capillary angles between the particles. 

In view of these considerations, therefore, it was considered useless 
to attempt to compute the thickness of the film as many investigators - 
have done. Furthermore, in view of the nature of the soil particles as 
discussed above, it does not appear strictly proper to define the capillary 
water in the soil as many writers do as a thin film overspreading the par- 
ticles and thickened into a waist-like form at their points of contact. 
Hence, a new definition of capillary water is needed. 

If we are to accept the theory which has been used to explain the fore- 
going phenomena of thermal translocation of water that the soil 
possesses &@ very great attraction for water, that this attractive force is 
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different for various soils, that it decreases with a rise in moisture con- 
tent, and that it is completely satisfied at a rather high moisture con- 
tent, then our present views concerning the movement of capillary water 
in moist soils needs modification. The present theory regarding the 
capillary movement of water consists of an analogy from the rise of 
water in capillary tubes. The interstitial spaces of a soil mass are con- 
sidered as forming channels analogous to capillary tubes, and are often 
designated as bundles of capillary tubes. The capillary water is be- 
lieved to exist as surface films around the particles, and as capillary films 
in the capillary spaces between the particles, and its movement is said 
to depend entirely upon the curvature of the capillary films. When a 
dry soil, for instance, is well moistened and brought to equilibrium. the 
water films are thick and the curvature of the capillary films small, and 
there will be no further capillary attraction of water if this soil is 
brought in contact with water. If now this soil is allowed to dry at 
the top the surface films become thinner and the force of the capillary 
films increases in direct ratio with their degree of curvature, hence, there 
will be a pull of water from the thicker surface films and less curved 
capillary films below, towards the surface. 

It is obvious that this theory of capillary movement of water attributes 
the whole cause of the capillary motion of water in a moist soil to the 
curvature of the capillary films between the particles, and considers the 
moist soils as being passive, inactive, and exerting no influence whatever 
upon the motion of water. Indeed, Briggs" and Lapham in trying to ex- 
plain the differences in capillary action in dry and moist soils. make the 
following statement: “In a moist soil, however, we have quite another 
condition. A film of the liquid covers all the surfaces of the soil grains. 
Since this film, once established, is maintained in a saturated at- 
mosphere, it follows that the soil-air and solid-liquid surfaces forces no 
longer play any part in. the cavillary movement. which is produced en- 
tirely by the air-liquid surface force and is opposed onlv by the weight of 
the liquid column.” In view of this general belief Briggs, as well as 
other investigators, has tried to alter the properties of the soil water, 
by increasing its surface tension, etc., with the object in view of increas- 
ing its capillary action. 

If it were true that as long as a thin film of water is maintained in a 
damp or slightly moist soil, the soil material itself exerts no longer any 
influence upon the movement of capillary water. then the preceding 
theory might be true. But we have seen in postulate (1) page 14, that 
the soils. and especially those rich in colloidal material. possess a very 
ereat attractive power for water, that this attractive power is satisfied 
only at a rather high moisture content, that as long as it is not satis- 
fied the soils will continue to take up water, and that they hold the 
water with a force of great magnitude. In view of the considerations 
presented in this postulate and in view of the fact that the preceding 
thermal movement of water appears to be largely controlled by the at- 
tractive forces of the soil for water, it seems wrong to consider the soil 
material in moist condition as a static, passive, inactive and irresponsiwe 
skeleton wpon which the liquid plays its role. The soil material. in 
moist condition. short of saturation, is dynamic and not static in respect 
to moisture movement. Hence, the capillary movement of water should 


1. S. Dept. of Aer. Bureau of Soils Bulletin No. 19, p. 28 (1902). 
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not be attributed entirely to the forces exerted by the curvature of the 
capillary films, but also to the forces exerted by the unsatisfied attractive 
power of the soil for water. When a moist soil, therefore, begins to lose 
water at the surface two effects are produced: (1) the attractive forces 
of the soil for water are increased, and (2) the curvature of the capillary 
films is increased, both of these effects exert a pull on the moist soil be- 
low and tend to draw water to the surface. As to which one of these two 
forces exerts the greatest pull, it is impossible to say, because there is 
no way of measuring them. It is certain, however, that the force re- 
sulting from the attractive power of the soil for water must be very 
considerable, and probably it is the predominant of the two. 

It might be argued that the preceding phenomena of thermal translo- 
cation of water could be explained entirely by the film theory, without 
having to resort to the conception of the attractive forces of the soil. 
Such a contention, however, cannot be maintained, first because it can- 
not be conceived that the tension of the capillary films is operative and 
effective at such high moisture contents employed, and secondly, because _ 
the fact remains nevertheless that the soil exerts a pull due to its attrac- 
tive forces for water as has been abundantly proved. Furthermore, if it 
is maintained that the attractive forces of the soil for water are satis- 
fied as soon as the soil is merely dampened, then why should the soil 
hold additional large amounts of water with such a great force 
that it is impossible to extract it with mechanical means? It seems 
reasonable, therefore, to believe that if the soil holds large amounts of 
water with a great force, it should attract or absorb it with a force of 
equal magnitude. 


MOVEMENT OF MOISTURH FROM MOIST AND WARM COLUMN TO DRY AND COLD 
COLUMN OF SOIL WITH AN AIR SPACE BETWEEN THE TWO COLUMNS. 


In the preceding section the thermal translocation of water was con- 
sidered as occuring as water film phenomena. There is still another way 
in which this thermal mobility of moisture might take place, this is by 
evaporization and condensation of soil water from a point of high tem- 
perature to a point of low temperature. It is well known that water 
undergoes a transformation into the vapor state by the application of 
heat, and the quantity of liquid vaporized increases with rise in tempera- 
ture. One of the remarkable characteristics of aqueous vapor is its 
sensitiveness to heat, changing from gaseous to liquid state and vice 
versa with very small variations in temperature. As an excellent para- 
digm of this latter fact may be cited the relative humidity of the air at 
different temperatures. 

Since the temperature gradient of the soil reverses itself during the 
night, that is, it increases with depth, it is believed that there is a rising 
of vapor or moist air from the warmer soil below to the colder soil above 
where the moisture is condensed. As a manifest proof of this theory 
the morning dew is cited. It is concluded, therefore, that a large part 
of the water movement in soils is due to this process, 
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There appear to exist no direct experimental data as to whether or not 
there really is a translocation of moisture in soil at night, due to upward 
movement of the moist warm air, and the condensation of its moisture at 
the cold soil above. Practically all our present knowledge upon the sub- 
ject consists of theoretical deductions and from practical observations. 

With the object of obtaining experimental evidence upon the subject 
the following investigation was performed: Into brass tubes 8 inches 
long and 11% inches in diameter was placed moist soil at one end and dry 
soil at the other, and the two columns separated by an air space. This 
air space was 14 inch in height and 114 inches in diameter and was pro- 
duced by placing between the two columns of soil a ring of cork the two 
sides of which were closed with wire gauze which acted as supports of 
the two soils and prevented their particles from coming in contact. The 
tubes were then placed horizontally in the boxes shown in figure 1. That 
part of the tubes which contained the moist soil was kept at 20° and 40° 
C., and the part which contained the dry soil was maintained at 0° C. 
The experiment was allowed to run about 8 hours. If during this period 
the dry and cold soil gained any moisture it obtained it by the condensa- 
tion of vapor which was produced at the warm and moist soil. Since the 
dry soil possesses a high absorbtive power for water it was assumed that 
it abstracted the vapor from the air space and that this air space was 
thus prevented from attaining an equilibrium. There were five different 
classes of soils used, quartz sand, Miami light sandy loam, Miami silt 
loam, Clyde silt loam, and Miami clay. The moisture contents employed 
for each soil were three low, medium, and high. The results obtained 
are presented in table 3. The percentage of moisture moved from the warm 
and moist column of soil to the cold and dry column of soil represents 
the difference between the percentages of moisture found in the dry soil 
at the beginning and end of the experiment. 


TABLE 3.—PERCENTAGE OF MOISTURE MOVED FROM WARM AND MOIST COLUMN 
OF SOIL TO COLD AND DRY COLUMN OF SOIL WITH AN AIR SPACE BETWEEN THE 
TWO COLUMNS. 


Kind and temperature of soil. Percentage of moisture. 

Quartz sand: 
MOIstire In MOISt CONUIMMEL ccs eicisnsiereisieretels ehelertis 2.90 6.83 13.52 
Movement from moist column at 20°C., to dry column at 0°C....... | 0.051 0.046 0.048 
Movement from moist column at 40°C., to dry column at 0°C....... | 0.286 0.280 0.294 


Sandy loam: 
Moisture im moist columns serie elersictele terol leush ate T.23 10.27 15.82 

Movement from moist column at 20°C., to dry column at 0°C....... | 0.0238 | 0.0313 | 0.0246 
Movement from moist column at 40°C., to dry column at 0°C....... | 0.211 0.253 0.223 


Silt loam: 


Moisture in moist columns: .1). 5, 1c. seins siete 9.16 14.52 16.40 
Movement from moist column at 20°C., to dry column at 0°C....... | 0.024 0.033 0.0273 
Movement from moist column at 40°C., to dry column at 0°C....... | 0.278 0.273 0.288 
Clyde silt loam: 
Moisture.in moisticolummne cee eee eect 9.85 15-5 23.39 
Movement from moist column at 20°C., to dry column at 0°C....... | 0.028 0.031 0.040 
Movement from moist column at 40°C., to dry column at 0°C....... | 0.16 0.22 0.28 
Clay: 
MoIstirein moist columns ce eee einen 10.77 15.36 20.35 
Movement from moist column at 20°C., to dry column at 0°C....... | 0.08 0.06 0.09 


Movement from moist column at 40°C., to dry column at 0°C....... | 0.18 0.36 0.26 
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The above results show the most surprising fact that the amount of 
moisture moved from the moist and warm column of soil to the dry and 
cold column of soil by vapor is very insignificant indeed. It will be 
seen that at the temperature amplitude of 40° C. the quantity of moisture 
.moved is only about 0.25%, and at the amplitude of 20° C. the value is 
only about 0.085%. In comparison with the results of table 2 where it 
is shown that the maximum thermal movement of water at the thermal 
critical moisture content, when the soil mass is continuous, runs as high 
as 3.68% in some cases, then the above values, due only to vapor move- 
ment and condensation, are extremely insignificant. 

From these results then it is safe to conclude that the thermal move- 
ment of moisture due to distillation is practically negligible, even at such 
high amplitudes of temperature of 20° and 40°. C. which never exist dur- 
ing the night at the different adjacent depths in the soil, nor during such 
a long continuous period as 8 hours. This conclusion is indirectly sub- 
stantiated by the studies of Buckingham” on the loss of soil moisture by 
direct evaporation from points below the surface. By exposing a surface 
of water or moist soil to evaporation into a confined space which was in 
communication with the outside air through a column of soil, Bucking- 
ham found that the actual mean rate of loss of water through diffusion of 
water vapor through soils in still air, was very small. 

Another noteworthy fact to be noticed in the foregoing experimental 
data is that the amount of distillation from moist and warm to the dry 
and cold column of soil is the same for all moisture contents. This might 
have been anticipated since the amount of water vaporized depends 
principally upon the temperature and is not governed by the amount 
of water present. On the other hand, if the amount of water present in 
the soil is extremely small, the water is held by the soil grains with an 
attraction of great magnitude, causing a lowering of the vapor pressure 
of the absorbed water film and thereby producing a diminution in the 
rate of evaporation. Perhaps the water contained in the soil with the 
lowest moisture content was above the point where this lowering of 
vapor pressure occurs, and consequently the partial pressure of the vapor 
in the air space in this soil was the same as in the air space of the soil 
with the greater moisture contents. Furthermore, the values are so small 
as to be within the experimental error, and the method of moisture de- 
termination may not be sufficiently sensitive and accurate to show any 
decreased evaporation by the soils with the lowest moisture content. 

In undertaking and performing the foregoing series of experiments 
it was taken for granted that there really is an upward movement of 
moist air during the night from the warmer soil below to the colder soil 
at the surface, where its vapor is condensed. This theory seems to be 
now very widely accepted as already stated. The formation of the dew 
is attributed by many writers almost entirely to this thermal movement 
of vapor. Thus, in discussing the subject Hilgard*® states ...... “dew 
is formed from vapor rising from the warmer soil into a colder at- 
mosphere, and condensed on the most strongly heat-radiating surfaces 
near the ground, such as grass, leaves both green and dry, wood and 
other objects first encountering the rising vapor.” Farther on he says: 
“The fact that dew is most commonly derived from the soil could have 
been foreseen from the other fact, long ascertained and known, that dur- 


21. §. Dept. of Agr.. Bureau of Soils Bulletin No. 38 (1907). 
13Soils, p. 807 (1912). 
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ing the night the soil is as a rule warmer than the air above.” Other 
writers, such as Ramann™, etc., claim in substance the identical belief. 
But really, is there a rising of vapor or warm moist air from the 
warm soil below to the cold soil above? And is the source of 
water of the dew due to this soil vapor? MDuring the day the soil. 
receives its heat at the upper surface and its temperature 
rises. The heat is conducted downward and the temperature of the 
various depths of the soil increases correspondingly. The temperature 
at the surface continues to rise until a maximum is reached and then 
commences to decrease. As the temperature rises and moves downward 
the soil air expands, and as the volume of the pore space remains con- 
stant, it is expelled into the atmosphere. The pressure of the soil air 
at the different depths tends to be the same at any one time and equal to 
the atmospheric pressure, provided the communications are ideal. When 
the temperature at the surface soil is at maximum it is generally many 
degrees higher than that of the air above, amounting sometimes to 30° 
C. In fact the air temperature decreases, in calm and clear weather, 
with increase in height at the adiabatic rate of approximately 0.9° C. 
per 300 feet. When the temperature of the surface soil and of the air 
is highest the atmospheric pressure also tends to be at its minimum, so 
that the air escapes from the soil with greater facility. After the sur- 
face soil attains its maximum temperature and then begins to cool, its 
air contracts, tends to produce a partial vacuum, and consequently 
draws air from the atmosphere, so its pressure will be in equilibrium 
with that of the latter. The fall of temperature is also conducted down- 
ward, and proceeds as a wave, and as it descends it causes a diminution 
in volume at the corresponding depths, and therefore produces an in- 
ward flow of air. This cold wave, however, is preceded by the maximum 
temperature wave which, as it proceeds downward, causes a further ex- 
pansion of air, which goes to make up for the decreased volume of air 
caused by the cold wave following immediately after. The difference in 
temperature, however, of the soil at any depth immediately before and 
after the maximum temperature wave is reached is very small, as ex- 
periments at this Station show, and consequently the expansion and ex- 
pulsion of air caused by the downward march of the maximum tempera- 
ture wave is not very appreciable. Hence, as the cold wave proceeds down- 
ward and produces a decrease in volume of the soil air, the air that 
comes to make up for this decrease, so that an equilibrium of pressure 
will exist, is mainly from the outside atmosphere. After a certain depth 
is reached the maximum temperature wave entirely disappears, and there 
is no more upward expulsion or movement of air. From now on, as the 
temperature of the soil is further decreased and the volume of its air 
is diminished correspondingly, the current of flow of air into the soil is 
entirely from the outside atmosphere. This downward flow of air will 
continue until the soil temperature begins to rise again and the cycle re- 
commences. When the minimum temperature of the surface soil is 
reached, it is as a rule, about the same or slightly higher, than that of 
the air immediately above. The temperature of the air at about this 
period increases with the height, in the same manner as the tempera- 
ture of the soil increases with depth, which is just the opposite from 
what it is during the day. This increase instead of decrease of a 


44Bodenkunde, p. 882 (1911). 
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temperature at night with rise in elevation is called surface temperature 
inversion. At this minimum temperature the atmospheric pressure ap- 
proaches its maximum, and the inward flow of air is thereby facilitated. 

All the foregoing facts lead to the enunciation of a general law that 
during the day, as the temperature rises, the soil air tends to flow out- 
ward into the atmosphere, and during the night, as the temperature 
falls, air from the atmosphere tends to flow inward into the soil. This 
law diametrically opposes the prevalent theory that during the night 
there is an upward movement of moist warm air. The above law, how- 
ever, seems to be borne out by logic and appears to be confirmed by ex- 
perimental evidence subsequently to be presented. The prevalent theory, 
however, seems unreasonable. For instance, if it is admitted, which it 
must be, that the soil air escapes into the atmosphere during the day as 
the temperature rises, then where and when does the soil obtain its air 
if it continues to give up air even during the night? It might be argued 
that it is vapor that is rising to the surface and not air. That is’ incon- 
ceivable in the present case. It is true that distillation would occur if 
the amplitude of temperature were appreciable and constant, but it has 
been shown that the temperature of the whole column of soil decreases 
constantly, and that an air current from the cold atmosphere is drawn 
inward which tends to encounter and oppose any upward movement of 
vapor rising from any difference in temperature. Moreover, granting 
for sake of argument that there is a vapor rising from the warmer soil 
to the colder soil at the surface, the amount would be extremely small 
to account for the great quantity of dew commonly noted, because the 
temperature amplitudes of the soil at different depths at night are never 
very great. In fact, during the spring months as the temperature of 
the lower depths continually rises and the trend of the air temperature 
is upward, the range of temperature between the surface and the lower 
depths say 4 inches, is small, usually amounting only to about 2 or 3° C. 
The greatest differences in temperature at the different depths in the 
morning occur in the fall when the trend of the air temperature is down- 
ward and the surface soil temperature continually falls. At this time 
the variation in temperature between the surface and six inches of the 
mineral soils may be as high as 8° ©. but the variation between adjacent 
depths is only from about 0.5° to 2° C. 

The truth of the matter, however, seems to be that imstead of vapor 
rising from the warmer soil below to the colder soil at the surface, vapor 
enters the soil from the atmosphere. This is a natural conclusion from 
the law enunciated that during the day air is exhaled from the soil and 
during the night air is inhaled from the atmosphere. The amount of 
moisture that will thus enter the soil will depend upon the quantity of 
air inhaled and upon its absolute humidity, but as will be seen subse- 
quently it is extremely small. The water may be abstracted by the dry 
soil at the surface as the air is drawn in or it may enter unaffected. 
Thus, it is possible that the moisture lost by the soil during the day by 
the expulsion of its moist air is partly, if not wholly, regained at night. 

What is then the source of water of the dew? The oreatest part of 
it comes from the lower layer of the atmosphere itself by condensation. 
Some of it comes from the leaves of trees and plants. And a certain 
amount comes from the soil by capillary and thermal capillary action 
as set forth previously. 

According to the foregoing consideration, therefore, the notion that 
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“dew is formed from the vapor rising from the warmer soil into a colder 
atmosphere” is wrong, and those who proposed and adhere to this theory 
seem to be Jaboring under misapprehension of facts. 


MOVEMENT OF MOISTURE FROM MOIST AND WARM COLUMN TO DRY AND COLD 
COLUMN OF SOIL, AND FROM MOIST AND COLD COLUMN TO 
DRY AND WARM COLUMN OF SOIL. 


The soil moisture under field conditions exists during the warm period 
of the year, nearly always in a gradient form. During a long drought 
the upper surface even dries out, either by its own accord or aided by 
artificial means. This layer of dry soil formed at the surface is known 
as mulch. To this mulch is ascribed the important function of consery- 
ing the moisture in the soil by its ability to reduce evaporation of water 
at the surface. It accomplishes this conservation of moisture, it is 
claimed, by producing a change or break in the capillary connections be- 
tween itself and the moist soil below. 

Since, on account of the kinetic energy, the absorptive and adhesive 
forces of the solid substances decrease with rise in temperature, the inter- 
esting question arose whether the dry mulch with an excessively high 
temperature would absorb moisture from a moist soil with low tempera- 
ture, even when the capillary connections were ideal. The desire to 
secure information upon this important and exceedingly interesting 
point led to the execution of the following experiments: Brass tubes de. 
scribed in the preceding sections, were filled one-half with dry soil and 
the other half with moist soil, and the two columns were separated only 
by a circular piece of cheese-cloth in order to facilitate separation of 
the two columns for moisture movement determinations. The tubes were 
then inserted in the boxes shown in figure 1, and that portion of the 
tubes containing the moist soil was kept at 20° and 40° C, and that 
part which held the dry soil was maintained at 0° C. In another set of 
tubes these temperatures were reversed. The soils employed were the 
same as those previously described, namely: quartz sand, light and heavy 
Miami sandy loam, Miami silt loam, Clyde silt loam and Miami clay. 
There were three different moisture contents used for each soil, desig- 
nated as, low, medium, and high. The duration of all experiments was 
about 8 hours. The numerical ‘data obtained are shown in table 4 below. 
The accompanying figure 3 represents these same data graphically. Hach 
soil has two charts, the one to the left is for the temperature amplitude 
of 40° G., and the one to the right is for the temperature range of 20° C. 
The abscissas, in every case, represent percentage of moisture content, and 
the ordinates, percentage of water moved either from the moist and warm 
column to the dry and cold column of soil, or from the moist and cold 
column to the dry and warm column of soil. The upper curves of each 
chart represent the percentage of water movement that took place from 
the moist and warm soil to the dry and cold soil, and the lower curves 
show the movement of water that occurred from the moist and cold soil 
to the dry and warm soil. As in the preceding case, the percentage of mois- 
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ture moved is based upon the difference in percentages of moisture con- 


tained in the dry soil at the beginning and end of the experiment. 


TABLE 4.—PERCENTAGE OF MOISTURE MOVED FROM MOIST AND WARM COLUMN 
OF SOIL TO DRY AND COLD COLUMN OF SOIL, AND FROM MOIST AND COLD 


COLUMN OF SOIL TO DRY AND WARM COLUMN OF SOIL. 


Percentage of moisture. 


MENSETeMMETMOISG COLMIMM! Of SOM ee. terj ca rec c alereiee ele stsiele iste shar sreie a siete ae 1.85 5.30 8.75 
Movement from moist column at 20°C., to dry column at 0°C| 0.0746 0.0879 | 0.1129 
Quartz } Movement from moist column at 0°C., to dry column at 20°C; 0.0105 | 0.02131) 0.03912 
sand. Movement from moist column at 40°C., to dry column at 0°C; 0.2048 | 0.2210 | 0.2376 
Movement from moist column at 0°C., to dry column at 40°C} 0.0121 | 0.0160 | 0.01522 
| 
WIGIStMTeMeMOIsh COMM Ty OL SOI eyete 1) oie ere ale eu stelele © elole wiicis ole olereicleia evel « 6.497 10.141 | 14.17 
Biche Movement from moist column at 20°C., to dry column at 0°C| 0.345 0.550 0.820 
ea Movement from moist column at 0°C., to dry column at 20°C} 0.061 0.163 0.448 
Ga Movement from moist column at 40°C., to dry column at 0°C) 0.779 1.18 1.496 
Movement from moist column at 0°C., to dry column at 40°C} 0.000 0.08 0.235 
IWoIsture nine moist, COlUMIN OL SOW... ote erersre o anes ai-rerevele sts’ ashe stele reimteyel=1 sod 9.906 12.30 14.695 
Heavy Movement from moist column at 20°C., to dry column at 0°C} 0.592 0.569 0.863 
ead Y | Movement from moist column at 0°C., to dry column at 20°C) 0.215 0.211 0.445 
y Movement from moist column at 40°C., to dry column at 0°C| 0.937 1.094 1.309 
loam 
. Movement from moist column at 0°C., to dry column at 40°C} 0.168 0.169 0.150 
WEOISHIEE Ai THOISE COMM OL SOM ys cirstars oi oiotete sie micte’> = <i Naisteloiets) « erator e/eler= 10.89 17.88 18.67 
4 
Movement from moist column at 20°C., to dry column at 0°C| 0.687 0.844 0.989 
Silt Movement from moist column at 0°C., to dry column at 20°C} 0.411 0.461 0.529 
loam. Movement from moist column at 40°C., to dry column at 0°C) 1.413 1,942 2.038 
Movement from moist column at 0°C., to dry column at 40°C; 0.347 0.445 0.438 
Moisture in moist Cow OF SOM. crete stereo cies ous Se. ots. 6 cic, sp oretereiie lets lele(s = 15.349 | 25.086 | 36.18 
Clyde Movement from moist column at 20°C., to dry column at 0°C|. 0.429 | 0.662 0.962 
ait, Movement from moist column at 0°C., to dry column at 20°C; 0.100 | 0.606 | 0.900 
loam Movement from moist column at 40°C., to dry column at 0°C; 0.814 1.554 2.046 
e Movement from moist column at 0°C., to dry column at 40°C; 0.042 0.594 0.852 
_ Moisture in moist column of SON SS retaretc tevckey evar a oss oe cae or eeanat so reney policy “arap 17.05 21.88 23.29 
Movement from moist column at 20°C., to dry column at 0°C) 0.514 0.653 0.923 
Cla; Movement from moist column at 0°C., to dry column at 20°C| 0.436 0.502 0.796 
y. Movement from moist column at 40°C., to dry column at 0°C) 1.180 1.482 1.552 
Movement from moist column at 0°C., to dry column at 40°C, 0.380 0.850 0.873 
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FIG.4. CURVES SHOWING MOISTURE MOVEMENT FROM MOIST AND WARM 
COLUMN OF SOIL TO DRY AND COLD COLUMN OF SOIL; AND FROM 
MOIST AND COLD TO DRY AND WARM COLUMN OF SOIL. 


Considering first the numerical values showing the amount of water 
moved from the moist and warm column of soil to the dry and cold col- 
umn of soil, which are graphically represented by the upper curve of 
each chart, it will be seen (1) that this amount is nearly twice as great 
in the temperature amplitude of 40° as in 20° C., (2) that it is some- 
what greater in soils with higher than with lower colloidal content, 
and (3) that it increases with the rise in moisture content. 

By comparing these results with those obtained with column of soils 
of uniform moisture content, some very striking contrasts are revealed. 
The previous results show, for instance, that the maximum thermal mo- 
tion of water occurs at a definite but comparatively low moisture con- 
tent, and that the value amounts in some cases over 3.50 per cent. The 
above data, show, however, that the maximum movement of water from 
the moist and warm column to the dry and cold column of soil, takes 
place at the highest water content, and that in the majority of cases the 
percentage of this maximum water translocation is only one-half as great 
as in the former case. 

These apparent differences seem to be easily explainable. The increase 
of water movement from moist and warm soil to dry and cold soil with 
rise in water content is natural, and only goes to prove that the water 
is held by the soil with low moisture content, with a great force, and 
consequently it cannot be extracted readily and extensively by 2 greater 
abstracting force. When the attractive forces of the soil for water are 
satisfied, and the thickness of the surface and capillary films is increased, 
then greater quantities of water will be removed by the same abstracting 
force. The smaller thermal water movement which occurs in the moist 
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FIG. 4. CURVES SHOWING MOISTURE MOVEMENT FROM MOIST AND WARM 
COLUMN OF SOIL TO DRY AND COLD COLUMN OF SOIL; AND FROM 
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and dry soil than in the soil of uniform moisture content, is due mainly 
to the chéese-cloth which is placed between the dry and moist columns 
of soil. Although this cheese-cloth was very thin and had large perfora- 
tions, yet it prevented the two columns from forming a complete and per- 
fect contact, and consequently the dry soil had to absorb water directly 
through the cheese-cloth, as well as from the soil. 

Another factor which would seem to impede the rate of water move- 
ment from moist and warm to dry and cold column of soil is the resist- 
ance which the dry soils offer to wetting, due to the air film surround- 
ing the particles and to any oily substance that might be present. The 
influence of this factor, however, must be extremely small, if any, be- 
cause when these soils were slightly damped the amount of water moved 
was generally less or about the same as before. The common belief that 
water moves more rapidly in damp than in dry soils is generally exaggerat- 
ed. When a soil is damped to eliminate the factor of resistance to wet- 
ting its absorptive power for water is decreased correspondingly so that 
one factor tends to counterbalance the other, and at the end the results 
are about the same. Moreover the soils which stubbornly resist wetting 
are not very common. 

From the practical standpoint the results of the second part of the 
present investigation are probably far more important than those of the 
first part just disscussed. These results show the remarkable fact that 
when the dry soil is kept at 20° and 40° C. and the moist soil at 0° 
CO. the dry soil takes up very little if any, water from the moist soil, and 
that this quantity of water, absorbed decreases with rise in temperature. 
Ag will be seen from the figures the percentage of moisture absorbed by 
the dry soil at 20° C, is in all cases greater than that absorbed at 40° 
C. At both amplitudes of temperature, the percentage taken up increases 
with the colloidal content in the soil, which is natural. 

Obviously then, the temperature has a tremendous influence upon the 
absorptive power of soils for water. This is what might be expected from 
the laws of kinetic energy. According to this law the energy or motion 
of the molecules increases with temperature, and consequently the ad- 
hesive and absorptive forces of the solid matter for liquids or gases, de- 
creases. These results then, tend to confirm postulate 2 page 14 that 
the attractive forces of the soil for water decrease with rise in tempera- 
ture. 

The foregoing experimental results and theoretical consideration sug- 
gest very strongly that the efficiency of the soil mulches im conserving 
moisture in the soil is not dependent solely upon their thickness and de- 
gree of capillary discontinuity between themselves and the moist soil 
below, but also upon their temperature. It is well known that the tem- 
perature of the surface soils during sun insolation is many degrees higher 
than that of the air immediately above. In some parts of the world, 
where the sky is clear and the sun insolation very intense, the surface 
soil may attain a temperature about 40° C. higher than that of the air 
about 4 feet from the ground. Even at this Station the surface soil 
temperature of the mineral soils and especially of the light sandy soils, 
is very often approximately 15° C. higher than that of the air above. 
From the surface downward the soil temperature decreases, but in the 
upper 1 or 2 inches the diminution is far more rapid than at the lower 
depths, amounting sometimes, and in certain soils, over 10° C. for each 
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inch depth. When the surface soil is disturbed and a mulch is' formed 
its heat conductivity is decreased, and the high temperature attained at 
the surface is not all conducted downward but is compelled to accumu- 
late on the dry mulch and then is radiated back into space. The dif- 
ference in temperature between the mulch and the moist soil below is 
sometimes as high as 10° C. at this Station. At the arid regions this 
difference must be far greater. This excessively greater temperature of 
the dry mulch diminishes the adhesive and absorptive forces of the dry 
soil so that its capacity and intensity to withdraw water from the moist 
soil below are either entirely prohibited or greatly reduced. The result 
is that the water is saved from direct evaporation. On the other hand, 
during the night the soil temperature reverses itself and becomes lowest 
at the surface and increases with the depth, but its difference between 
the mulch and moist soil is generally not as great during night as during 
the sun insolation. Since the attractive and adhesive force of the dry 
soil and the surface tension of the soil water are increased by the low 
temperature, the tendency of the soil moisture is to move upwards very 
energetically. To what extent this movement occurs cannot be stated 
with certainty because the moisture, not very far below the mulch, is 
held with a great force and is given up with great reluctancy, unless 
moisture moves from further depth below and satisfies the absorptive 
power, and thickens the surface and capillary films. 

Furthermore, the amount of water moved will depend upon the tem- 
perature gradient, that is, upon the range of temperature between the 
surface and lower depths. As already stated, this temperature gradient 
at night between adjacent depths is always small but is most marked 
during the summer and fall and least during the spring. Any water, 
however, that the mulch pulls up during the night is certain of being 
evaporated during the day. May it not be then that an appreciable 
amount of water is lost from the soil in this manner? 

Temperature not only tends to conserve moisture in the soil after the 
mulch is formed but also aids and hastens the formation of this mulch. 
Tt has been seen that as the temperature of the moist soil at the upper 
depth increases the surface tension of the soil water and the adhesive 
and absorptive forces of the soil, decrease. The upward pulling force, 
therefore, is diminished, and the water is not brought up with sufficient 
rapidity to keep the upper layers moist, so that a mulch is formed at the 
top. The diminution of the surface tension of the soil water at or near 
the surface is very large during the sun insolation, and far greater than. 
the increase during the night, because during the sun insolation the soil 
absorbs heat from the sun very rapidly and since the soil is a poor con- 
ductor of heat, the heat is allowed to accumulate at the surface and 
raise its temperature far above that of the next layers. 

The foregoing considerations have been deduced from the experimental 
data, and from the laws of kinetic energy of matter, surface tension of 
liquids, ete., in their relation to temperature. It is now of great im- 
portance as well as of high interest to know if these deductions can be 
verified experimentally. The type of experiment which the writer prob- 
ably would have performed to test out whether or not the temperature 
does tend to conserve moisture in the soil, has fortunately been per- 
formed by Buckingham’ for another purpose. In his studies on the 


15. S. Dept. of Agr., Bureau of Soils, Bulletin No. 38 (1907). 


EXPERIMENT STATION BULLETINS. 525 


loss of water under arid and humid conditions, Buckingham endeavored 
to imitate these two conditions in the laboratory. He placed soil -in 
cylinders 48 inches long and 21% inches in diameter, and provided each 
cylinder with side tubes at the bottom for the introduction of water. He 
allowed, by means of an electrical fan, a current of air to be blown over 
the top surface of the soils. For the arid conditions this current of air 
was heated, without changing its absolute humidity, to a temperature of 
about 50° to 60° F. above the room temperature. To imitate also the 
high surface temperature of soils under the strong sunshine of arid cli- 
mates, the top inch and a half of the cylinders under the hot air was 
heated, by heating coils surrounding the cylinders, to about the same 
temperature as the hot air. The breeze of about 3 miles per hour, was 
kept going all the time. The heating current was turned on for six hours 
a day except on Sunday and holidays. For the humid conditions the 
soils were placed under the current of air at room temperature. Bucking- 
ham performed a number of experiments bearing upon this subject and the 
results he abtained are qualitatively about the same for all of them. The 
following diagram shows a typical set of results. 


EVAPORATED 
8 


' GRAMS OF WATER 
- 


1 
DAYS ELAPSED 


FIG. 5. CURVE SHOWING EVAPORATION OF WATER FROM PODUNK FINE SANDY 
LOAM WITH TAP WATER; A, SOIL UNDER HUMID CONDITIONS; B, SOIL UNDER 
ARID CONDITIONS; C, WATER UNDER ARID CONDITIONS; D, WATER UNDER 
HUMID CONDITIONS. (AFTER BUCKINGHAM.) 


An examination of the above figure shows that the loss of water from 
the soil under arid conditions is much more rapid at first but after 
about 4 days have elapsed the rate of loss is less under arid than under 
humid conditions, and continue to be so throughout the duration of the 
experiment. The rate of evaporation from the soils for the last ten days 
is 11.2 inches of rain per year under arid conditions and 51.6 inches of 
rain per year under humid conditions. 

Buckingham explains these results under the supposition that a mulch 
was formed on the soil kept under arid conditions, more rapidly than on 
the soil kept under humid conditions, and the mulch prevented rapid loss 
of water from the former. This explanation is correct, of course, in so 
far as it represents the result of the mulch, but how this mulch was 
formed and how it was capable of accomplishing this result, it fails to 
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explain correctly. In the opinion of the writer the above results offer an 
excellent proof that temperature aids and hastens the formation of a 
mulch, and tends to conserve the soil moisture in the manner previously 
set forth. 

This is a remarkable paradox indeed, that temperature which causes 
the loss of water should also cause its conservation. 


THERMO-OSMOSE IN SOILS. 


In the course of the foregoing studies on thermal movement of mois- 
ture in soils, the question arose: What would happen if on two sides of 
a soil membrane is placed water of an unequal temperature? Would 
there be a diffusion of water? And if so would the hot water diffuse to- 
wards the cold, or vice versa? The difference in temperature between the 
two faces of the membrane is analogous to the difference in concentration 
of solution. If any movement of water occurred in either direction it 
might be classed under the category of thermo-osmotic phenomena, prob- 
ably similar to those observed by Lippmann" in the case of the gelatine, 
and golden beaters skin where cold water moved towards the hot. In 
such an event the soil would act as a semi-permeable membrane in the 
same manner as in solutions of different concentrations as shown by 
Lynde’ and Robinson."® It was at first thought that certain of the fore- 
going data on thermal translocation of water might be attributed to 
thermo-osmotic phenomena. 

Considerable time was expended in endeavoring to devise a method to 
attack the problem. After several trials the apparatus shown in figure 
6 was devised and finally adopted. It consists of a brass tube 11 inches 
long and 11% inches in diameter having 4 one-half inch holes, two cap 
nuts C, and two compressing plungers P. The holes were 1 inch apart at 
the two ends of the tube, and 314 inches at the center. The soil whose 
thermo-osmose or thermo diffusion was to be investigated was placed in 
the middle of the tube and pressed together by the two compressing 
plungers. The outer ends of the plungers were loosely connected to the 
cap nuts and by screwing the latter to the tube the soil in the middle 
could be pressed to any desired degree. The heads of the plungers were 
fitted to the tubes tightly and were perforated so as to allow free com- 
munication between the soil and water. To prevent the soil from being 
forced out through these perforations a very fine gauze was inserted on 
the inner side of each plunger which came in contact with the soil. For 
maintaining a difference in temperature at the opposite compartments 
of the soil membrane a wooden box with a partition in the center was 
employed. The tube was inserted through a hole in the partition and the 
soil membrane came under this hole and extended equally in both direc- 
tions. After the two compartments of the wooden box were made water 
tight either by paraffin or by a compound called “chlorine putty,” the two 
enclosures of the soil membrane were filled with water, and in the inner 
two holes of the tube were placed two straight glass tubes, and in the 

1Comptes rendus 1907, 
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outer two holes; two horizontally bent glass tubes of very small diameter. 
The straight vertical tubes served the purpose of adding water to the 
compartments and bringing the level of the water to a standard position. 
On the horizontally bent tubes was intended to read any thermal diffusion 
of water. The vertical tubes were either left open or closed. 

The possibility of thermo-osmose was studied in kaolin and in two 


FIG. 6. APPARATUS FOR STUDYING THERMO-OSMOTIC PHENOMENA IN SOILS. 


different kinds of clay, of different thickness of membrane. The tem- 
perature amplitudes employed were 0°-20°, 0°- 40°, 0°-60° C. Ina large 
number of trials no thermo-osmose was observed: no movement of water 
occurred in either direction. 

The failure of obtaining any results led to the conclusion that either 
the method was not sufficiently perfected, or that there is no thermo- 
osmotic phenomena in soils. In the opinion of the writer the latter con- 
clusion is more probable. 
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EFFECT OF TEMPERATURE ON THE PERCOLATION OF WATER 
IN SOILS. 


As shown in table 1, the surface tension and viscosity of water decrease 
with rise in temperature. From these data it is to be expected that the 
rate of flow of water in soils should increase in direct ratio with tem- 
perature. In summer time the rate of percolation should be greater than 
in winter, before freezing. 
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FIG. 7. APPARATUS FOR DETERMINING THE EFFECT OF TEMPERATURE ON THE 
RATE OF FLOW OF WATER IN SOILS, ALSO THE EFFECT OF TEMPERATURE ON 
THE WATER-HOLDING CAPACITY OF SOILS. 


The only and often cited experiment upon this subject is that of King, 
in which he attempted to study the influence of temperature upon the 
rate of percolation of water through a sandy soil only. King found that 
a rise of temperature of from 9° to 24° C. increased the rate of percola- 
tion 50 per cent. Briggs, through calculation, came to the conclu- 
sion that these results are precisely those which might have been pre- 
dicted from the known diminution of viscosity of water with rise in tem- 
perature. 

Since the subject is of considerable importance and has received really 
no study, a research of it was undertaken. The method of procedure con- 
sisted in keeping a column of soil at a definite temperature and allowing ~ 
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water of the same temperature to percolate. The soil column was con- 
tained in a brass tube 14 inches long, and 3 inches in diameter. The soil 
was placed in the tubes in air dry condition, compacted lightly, and then 
water allowed to flow through it for three or four days in order to give 
it a more uniform structure before it was used for experimental purposes. 
About 2 inches of space was left at the top for a constant head of water 
pressure. Surrounding the soil tube was a cylindrical compartment 14 
inches long, and 10 inches in diameter, and soldered to the soil tube at 
the bottom as shown in figure 7. In this outer compartment was con- 
tained the water at the desired temperature. A channel at the upper part 
of the soil tube connected the head of water pressure with the level of 
the outside mass of water. As the percolation in all the soils, except in 
the sand, is slow, the constancy of the head of water pressure was 
maintained with no difficulty. The temperature of the water in the outer 
compartment, and consequently that which flowed through the soil, was 
changed and maintained to any desired degree, by the addition of either 
hot water or ice. There are electrical devices which could have been 
used for this purpose, but it was not considered expedient and necessary, 
as the above method answered the purpose almost equally well. The soil 
was allowed to remain and water to percolate through it at any particu- 
lar temperature for two hours before readings were taken of the velocity 
of percolation. Inasmuch as the volume of the water in the outer com- 
partment was large and the vessel well insulated on the outside, the 
temperature remained fairly constant for long periods of time. The 
temperatures employed were 0°, 10°, 20°, 30° 40°, and 50° C. The classes 
of soils employed were sand, sandy loam, silt loam, clay loam, 
clay, and muck. The results obtained are detailed in table 5. They give 
grams of water percolated during a period of 30 minutes. Figure 8 
represents these data in a graphical form. 


TABLE 5.—EFFECT OF TEMPERATURE ON THE PERCOLATION OF WATERIN SOILS. 


Grams of water percolated in 30 minutes. 


Soil. 
Oe: 10° C. 20° C. 30° C. 40° C. 50° C. 

——— : poe _ We ey 

ANI tees ere ee ee 1215.00 1533 .60 1903.50 2496.90 2854.80 3688 .50 
Sandy loan... 226 oon ae 17.84 20.92 24,24 26.26 26.61 23.51 
Silf loans a. Gxt eewid ee eis 5.04 5.86 6.57 6.56 7.48 5.23 
Clay loans.) aces ioe oo ee 12.17 13.85 15.99 17.85 17.26 13.96 
Weayeaye neo ors: dient oes cee 20.10 22.35 24.48 24.91 23.69 17.16 
IVE CHa oho os oie. leteresratateiee ere 6.57 7.03 8.61 9.98 9.39 9 06 


An examination of these data at once reveals the fact that the rate of 
percolation of water does not increase in all cases with rise in tempera- 
ture. On the contrary, with exception of sand, in all the other soils the 
velocity of flow increases up to a certain temperature and then diminishes 
again with continued ascent of temperature. The temperature at which 
the maximum rate of percolation occurs and then commences to descend, 
is about 30° C. In the case of sand, however, the velocity of flow in- 
creases regularly and rapidly with. rise in temperature. 

Obviously then, the prevalent a priori reasoning that the rate of perco- 
lation of water in soils increases with increase of temperature is neither 

67 
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FIG. 8. CURVES SHOWING EFFECT OF TEMPERATURE ON THE PERCOLATION OF 
WATER IN SOILS. 


entirely confirmed nor justified. Evidently, there appears to be some 
other factor or factors which are influenced more predominately by tem- 
perature than the viscosity of water, and succeed, partially or completely, 
in overpowering the effects of the latter. These opposing factors are to 
be found (1) in the swelling of the colloidal material present in the soil, 
and (2) in change in structure of the soil mass, with increase in tem: 
perature. 
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The extensive studies on the subject of colloids have shown that soils 
contain substance of this nature, and that some classes of soil possess 
them more abundantly than others. In what structural form they exist 
in the soil is not as yet definitely known; but evidences seem to indicate 
very strongly that a part of them at least exists as a gel coating 
around the solid particles, and another part as individual gel aggre- 
gates. Now, it is also known that colloidal substances swell when they 
absorb water, and that this property of swelling increases with tempera- 
ture. Their increase in volume at high temperature is probably due, (1) 
to their inherent constitution, and (2) to the expansion of water they 
contain. 

If soils, therefore, containing colloidal substances are placed in firm 
. and inflexible tubes, such as those used in the present research, in order 
to oppose any horizontal thrust, and the temperature of these soils is 
varied, the rate of flow of water through them, will be governed by the 
viscosity of water, the structure of the soil mass, and the colloidal con- 
tent of the soil. At about 4° C. the last two factors, and especially the 
last, favor rapid percolation, but the first factor tends to reduce it. As 
the temperature rises, the viscosity of water diminishes rapidly and fa- 
vors the flow of water, but the colloidal material swells and tends to re- 
duce the rate, by filling up the pores through which the water flows. 
This swelling may not be considerable at the lower temperatures, and 
allows the reduced viscosity to predominate, so that the velocity of perco- 
lation increases with rise in temperature. When a certain temperature 
is reached, however, the increase in volume, due to swelling of the colloids 
and expansion of water attains a considerable magnitude, and since the 
volume of the vessel remains constant, the mass of soil is subjected to 
a strain: some rearrangement of the particles takes place; many of the 
pores are closed up, and the rate of percolation commences to decrease. 
At this temperature, therefore, the factor of swelling predominates over 
the decreased internal friction of the liquid. With a further increase in 
temperature this factor of swelling and the consequent closing up of the 
soil interstices, is augmented. The total result, will be, therefore, just 
what the experimental data really show. On the other hand, as the soil 
mass is maintained under a constant strain at the higher temperature, 
there may occur some radical change in the structure of the soil mass 
which will favor a high rate of percolation. Such changes were observed 
in some of the experiments. 

In a sandy soil, however, the conditions are different. Here, there are 
no colloidal substances to swell and close up the pores, and consequently 
the rate of percolation follows more closely the law of viscosity. This 
rate, however, is modified by a change in the structure that takes place 
as the temperature rises. This change in structure in sand, seems to 
favor a more rapid flow of water. The abnormal velocity of percolation 
noted in this soil is due to the internal alteration in structure. That a 
change occurs in structure by varying the temperature is further con- 
firmed by the following observation: When the rate of passage of water 
was determined say at 20° C. and then at 50° C. and the temperature 
was brought to 20° C. again, the two readings at 20° C. were not at all 
the same. 

It thus appears that the unexpected trend of the results is explainable 
by the swelling of the colloidal material, and by the change in structure 
in the soil mass, with rise in temperature. 
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The practical question now rises: Would identical results be obtained 
under natural conditions? This will depend to a large extent upon the 
structure and composition of the soil. If the soil is compact and con- 
tains large amounts of colloidal material the swelling of the latter prob- 
ably may predominate and cause a decrease in the rate of percolation. If 
the same soil, however, is loose, and has many crevices, worm holes, etc., 
the decreased viscosity may predominate and increase the flow of water. 
On the other hand, it must be remembered that the temperature under 
field conditions exists practically always in a gradient form, while in the 
present research it was the same throughout the soil column. 

From studies on the flow of water in soils, various investigators have 
attempted to express the relation of the soil to the movement of water 
through it, quantitatively. To accomplish this they have assumed that 
the porous soil is composed of bundles of capillary tubes, and that the 
velocity of flow of liquid will consequently conform to Poiseuille’s formu- 
la, which is: 

11 hst r4 
Vite aene Ts 
when v 
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volume of liquid; 


and s = density of liquid; 
r = radius of capillary; 
n = viscosity of liquid; 
1 = length of capillary; 
g = gravitational constant; 
h = head of liquid pressure; 


Such an assumption, however, is practically futile. In the first place, 
Poiseuille’s formula was deduced from the ascertained rate of flow of 
liquid through straight tubes of approximately uniform diameter. The 
supposed bundles of capillary tubes in the soil are irregular in area, 
length, direction, and shape, consequently the formula is inapplicable. 
In the second place, the foregoing research shows that the soil material 
is dynamic and not static, and that temperature affects its physical con- 
stitution so greatly that the velocity of flow of water through it is en- 
tirely different from what might be expected from the known physical 
laws. Hence, it was considered useless to attempt to apply Poiseuille’s 
formula to the foregoing experimental data. 
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EFFECT OF TEMPERATURE ON THE RETENTION OF WATER BY 
SOILS. 


Since the amount of water retained by soils is believed to depend to 
a considerable extent upon the surface tension of the soil water, and in- 
asmuch as we have seen that the surface tension of water is reduced by 
increase in temperature, it was decided to conduct an investigation to 
obtain numerical values of these relations. This research was facilitated 
by the fact that the same soils of the last section could be used.° After 
the studies on percolation were completed these soils were brought to 
the temperature of melting ice and allowed to remain at this temperature 
for about 24 hours to drain. Their temperature then was raised to 50° 
C. by increments of 10° C., and any water that dripped down during a 
definite period at any particular temperature was caught and weighed. 
Preliminary trials showed that during a period of two hours the soils 
allowed to drain practically all the water that would drain at any one 
of the temperatures employed. In fact, at the higher temperatures, the 
soils ceased draining even before the completion of two hours. Through- 
out this investigation, therefore, the limit of two hours was used for all 
temperatures and for all soils. Table 6 and the accompanying figure 9 
show the results obtained. The table contains also the percentage of water 
drained and thereby lost, at the different temperatures, based upon the 
dry weight of the soil. 

The results show that in the case of the sandy loam, silt loam, clay 
loam, clay and muck the amount of water drained increases regularly and 
rather rapidly with increase in temperature. In the case of the sand, 
however, the quantity drained increases up to the temperature of 30° C. 
and then commences to diminish with further rise in temperature. The 
total quantity drained is about the same in the former soils, and about 
three times greater than in the latter soil. 

The order of these results complies, in a general way, with what might 
have been expected, but whether the magnitude of the values, which is 
rather appreciable, is correct, cannot positively be asserted, because the 
relation of soil to water and other factors, complicate the problem. Ac- 
cording to the figures presented in table 1, the surface tension of water 
decreases at the rate of about 0.2 per cent per degree Centigrade, so that 
for every 5° C. the rate decreases about 1 per cent. From this it would 
appear that the decrease in the water holding capacity of the soils fol- 
lows the law, but not closely. It is certain, however, that the above 
quantities of water drained are not wholly due to the decrease in the sur- 
face tension of the soil water, but also to two other factors. These are 
(1) the expansion of the air in the interstices, and (2) the expansion 
of the soil mass, and consequently to the squeezing out of water. As the 
water leaves the soil by drainage at the temperature of melting ice, its 
space is replaced by air. When the temperature of the soil is raised this 
air, some of which is imprisoned, expands, and produces a sudden pres- 
sure throughout the soil mass and forces out or expels some of the free 
water which accumulates at the lower end of the tube, due to the greater 
attraction of gravity. As a proof of this may be cited the fact that the 
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FIG. 9. CURVES SHOWING EFFECT OF TEMPERATURE ON THE RETENTION OF 
WATER BY SOILS. 


_ greater portion of the water drained at the various temperatures, oc- 
curred in the first few minutes when really the soil mass had not as yet 
acquired to any appreciable degree the external temperature. Further- 
more, if the soils were kept say at 50° C. for a considerable length of 
time and the dripping of water had completely ceased the latter would 
recommence almost instantly if the temperature was raised even 2 de- 
erees higher. This observation seems to offer the real explanation as to 
the cause of the diurnal fluctuation of ground water in shallow wells as 
observed by King’®, and which has been erroneously attributed by many 
writers to the diurnal change of the surface tension of the soil moisture. 
There was probably air imprisoned within the soil between the surface 
and the water level which contracted during the night and expanded 
during the day and thus caused fluctuations in the ground water. 

In the case of the soils with large colloidal content some water is ac- 
tually squeezed out at the maximum temperatures employed, due to ex- 
pansion and swelling of the colloidal material. During preliminary tests 
it was observed, for instance, that if peat and Clyde loam were in the 
tubes in a rather compact form, water would be forced to the top at 
the beginning, when the temperature was raised to 50° C. 


20. S. Dept. of Agr., Bul. 5, Weather Bureau, pp. 59-61. 
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A portion of the water that left the soil at the various temperatures 
should be attributed to the decreased adhesive power of the soil for water. 
It is not proper to consider the soil mass itself, as has been done here- 
tofore, as a static and passive skeleton, and as being wnaffected by, and 
irresponsive to temperature, and as playing no part in the capillary 
movement of water when it is moist. Indeed, the physical properties of 
the solid soil are affected by temperature as well as those of the liquid, 
for both classes of matter obey the law of kinetic energy of matter. It 
is wrong to speak then of the water-holding power of a soil being de- 
creased by rise in temperature because the surface tension of its water 
is decreased; or that water is pulled upward in a moist soil because only 
of the curvature of the capillary films. 

In view of these considerations, it might be concluded that the diminu- 
tion of the water holding capacity of a soil due solely to the decreased 
surface tension of the soil water by temperature is insignificant. 


EFFECT OF TEMPERATURE ON THE RATE OF FLOW OF AIR IN 
SOILS. 


Unlike liquids, the viscosity of gases increases with rise in tempera- 
ture. The velocity of flow of air in soils, therefore, with rise of tempera- 
ture, should diminish correspondingly. The experiments of Ammon”? 
and Wollney*? have confirmed this conclusion. Ammon has also shown 
that the actual and calculated results agree. Both of these investiga- 
tors, however, obtained their results under too abnormal and unnatural 
conditions, in that they used only dry powdered soils. The foregoing in- 
vestigation on the velocity of flow of water through soils at the higher 
temperatures, gave occasion to suspect that the passage of air in dry 
soils may not be the same in moist soils either in order or magnitude. 
For this reason, the research presented herewith was undertaken. 

The method of procedure consisted of drawing air through a moist 
column of soil at different temperatures by means of a small tank aspira- 
tor. The column of soil was contained in a tube, shown in figure 9, which 
is 8 inches long, and 8 inches in diameter, and has a small opening at the 
bottom for forming connections with the aspirator. This soil tube was 
surrounded by a circular compartment which served as a temperature 
bath. The soil column was about 5.7 inches high. In order to obtain 
as uniform conditions of structure and compactness among the different 
soils as possible, they were placed in the tube in air dry condition, 
slightly tapped, and water allowed to percolate through them for sev- 
eral days. Following this treatment they were subjected to an alternate 
drying, wetting, freezing, and thawing. These processes tended to give 
them a textural and structural condition somewhat similar to that usu- 
ally found in natural soils under field conditions. The soils were used for 
the experiment when they contained, what is considered, an average mois- 
ture content. As they lost their excess of water the colloidal types con- 
tracted in mass and left a space between the sides of the column and the 
inner wall of the tube. This ae was filled with hot paraffin so that 


20Morch, a.d. G. D. Agrik—Physik, Bd. 209. 
21orch, a.d. G. D. Agrik—Physik, Bd. 76. Ss 193-222. 
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the air would be drawn only through the mass of the soil. The rate of 
passage of air was measured in quartz sand, sandy loam, silt loam, and 
clay of the Miami series, and Clyde silt loam and peat, at the tempera- 
tures of 0°, 10°, 20°, 30°, 40°, and 50° C. The soil column was kept at 
the same temperature from two to three hours before the transpiration 
measurements were taken. 

The aspirator apparatus employed was similar to that of King’s, with 
few modifications. This apparatus is shown also in figure 10. It consists 
of a sheet-galvanized iron can 15 inches high, and 5 inches in diameter, 
inverted over water into another can 14 inches high, and 614 inches in 
diameter. The suction tube is 14 inch in diameter and 1414 inches high 
inside, and 16 inches high outside of the fixed can. The aspirator bell is 
attached to a fine brass wire which runs over a 614 inch grooved metallic 
pulley, to a weight. The weight employed was sufficient to produce a 
suction of 2 mm. pressure of mercury. The pressure was read on the 
manometer. The volume of the aspirator bell was calibrated with air. 
This was done by adding a definite quantity of water into the outer or 
fixed can, and then allowing the aspirator bell to come to position, and 
measuring the volume of air displaced by water in a gas burette. The 
volume of air displaced is the reciprocal of the volume of air drawn in, 
for the same water level in the tank. Many preliminary trials showed 
that four liters of water in the tank gave an air displacement of 2650 
ec. on the aspirator bell. In all the experiments, therefore, this quantity 
of water in the fixed can was used as a standard, and the relative rate 
of flow of air through soils was measured by noting the time required for 
2650 ce. of air to pass through the column of soil. The results obtained 
are shown in table 7 and on the accompanying figure 11. 


TABLE 7.—EFFECT OF TEMPERATURE ON THE RATE OF FLOW OF AIR IN SOILS. 


Time required for 2650 c.c. of air to pass through soil column. 
Soil. oc. | 40°C. 20° C. 30° C ee 40° C. 50° C, 
; oe ihgeee a, | 
Min. Min. Min. Min. | Min. Min. 
Quartzisandey.. couse frst 1.45 1.50 2.00 2.12 2.28 2.50 
Saridiy-loamay. von. cists, cccsonetote oe hs 1.40 2.00 2.45 3.37 4.30 10.35 
ClyGeisiltm Oamtwevca secrete 11.00 15.20 18.30 21.20 29.30 41.20 
OWN Acioad td Odeo Ole oD Bon 11.50 15.00 18.00 26.00 31.00 33.00 
PC ab che a Serres ero ngerer nie 13.30 16.40 20.15 20.40 27.30 38.40 


The preceding results show that the rate of passage of air through 
soils decreases inversely with temperature. This is in conformity with 
the law of viscosity of gases as far as the order is concerned, but not in 
magnitude. The above velocity of transpiration is governed not only 
by the internal friction of the gas, but also by the swelling of the col- 
loidal material at the higher temperatures which closes up the pores, 
and impedes the flow. This fact is very strikingly illustrated by the ab- 
normal decrease in flow at the higher temperatures. The abnormal de- 
crease at the higher temperatures, however, is also partly due to the 
change in structure brought about by temperature and by the transpira- 
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FIG. 11. CURVE SHOWING EFFECT OF TEMPERATURE ON THE RATE OF FLOW 
OF AIR IN SOILS. 


tion of air. As the latter is sucked through the column of soil, some re- 
arrangement of particles undoubtedly occurs. This change in structure 
sometimes causes either an increase or decrease in the flow of air very 
suddenly. 

The foregoing transpiration data may be expressed also as transpira- 
tion constant for any soil and for any particular temperature. By a 
transpiration constant is meant the number of cubic centimeters of air 
which would in one second, flow through 1 cm? of cross section of a layer 
of soil 1 cm. thick, if the pressure were 1 mm. of mercury greater on one 
side of the layer than on the other. The following example will make 
clear how this transpiration constant can be computed. Suppose that 
2650 ce. of air are drawn by the aspirator through a layer of soil 326.8 
cm.” in area and 14.7 cm. thick in 105 seconds by a suction of 2 mm. of 
mercury. The total flow per second is 2650 -+ 105 or 25.2 cc. per second. 
The flow through each square centimeter is 25.2 —- 326.8 or 0:077 cc. per 
second. The pressure gradient is 2 mm. in 14.7 cm. or 0.13 mm. per 
centimeter. Therefore the flow per second through each square centi- 
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meter for a gradient of 1 mm. per centimeter would be 0.077 — 0.13 or 
0.59 ce. By applying this form of computation to the foregoing experi- 
mental data the following figures are obtained. 


TABLE 8.—TRANSPIRATION CONSTANT OF SOILS AT DIFFERENT TEMPERATURES. 


— 


Soil. 0° C. 10° C. | 20° C. 30°C.) 4), “ager: 50° C. 
— { | | 
Quartz sande, pets. 3 centos .590 567 497 452 | .403 | 351 
ismlahy lots 5 Gop mado obo .596 497 .361 .275 | .221 | -093 
Clyde silt loam... 22.0.2... -090 064 053 046 034 | 024 
(CIEN iG Bia ab.cgppogooesoDs taur .084 .066 .055 .038 | 032 | -030 
THEN aso SOTGRG OD ci TODe CI Gor .073 -059 .049 .084 | .038 | -025 


7 


7, the transpiration constant is greatest in soils with least colloidal 
natter, and decreases regularly, and in many cases very rapidly, with rise 
in temperature. 


EFFECT OF TEMPERATURE CHANGES ON THE AERATION OF 
SOILS. 


Unquestionably the aeration of soils is one of the most important prob- 
lems in soil physics; yet strange to say, it has never been studied ex- 
perimentally from the temperature point of view. This lack of experi- 
mental study is mainly due to the prevalent notion that temperature 
changes occasion very little, if any, influence on the process of soil area- 
tion, because of the small ceefficient of gas expansion which amounts 
only to 1/273 per degree Centigrade. It is reasoned that since the aver- 
age diurnal fluctuation of temperature to the depth of 12 inches is not 
very marked, the volume of gas diurnally exchanged in the upper one 
cubic foot of soil, is small. Thus King? has calculated that the soil 
ventilation due to diurnal changes in soil temperature will range from 0 
up to possibly 20 cubie inches per square foot. Ramann’**, in discussing 
the subject, makes the following statement: “The influence of temperature 
fluctuations on the volume of the soil air is not appreciable, and occurs 
only in the upper layers of the soil. Since the coefficient of expansion of 
gas is only 1/273 per degree Centigrade, and inasmuch as the tempera- 
ture fluctuations to the depths of from 4 to 8 inches are small, the 
diurnal exchange of gas is consequently small.” 

The problem was subjected to an experimental study and the results 
obtained show the remarkable fact that temperature has a tremendous 
influence upon the aeration of soils, and that this influence is due to two 
other factors besides the mere expansion of gases. 

The general method of investigating the problem consisted in heating 
a definite volume of dry or moist soil to different temperatures and meas- 
uring (1) the volume of gas expelled, and (2) the pressure exerted. The 
volume of gas was measured over water in a gas burette, which is shown 
on figure 12, and the pressure was measured under mercury on the mano- 
meter shown also on the same figure. The soil was contained in a brass 
tube 8 inches long, and 114 inches in diameter, closed at one end with a 
solid rubber stopper, and the other, with a single holed rubber stopper, 


22Physics of Agriculture, p. 208 (1901). 
2Bodenkunde, p. 386 (1911). 
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FIG. 12. APPARATUS FOR DETERMINING THE AMOUNT OF GAS EXPELLED AND 
ITS EXERTED PRESSURE, FROM SOILS AT DIFFERENT TEMPERATURES. 
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which contained a bent glass tube to be connected to the gas burette. 
The soil column in the tube occupied a space of 152 cubic centimeters, 
and was about 6.5 inches in length. The length was calculated to repre- 
sent the depth that the upper surface of soil is tilled, and in which the 
amplitude of temperature is most marked. There were six different 
classes of soil used, namely: quartz sand, and sandy loam, silt loam, and 
clay of the Miami series, and Clyde silt loam and peat. AIl these soils, 
both in the dry and moist condition, were passed through a sieve, mixed 
well, and compacted in the tube as uniformly as possible. The packing 
was done by allowing the tube to fall in a vertical position a certain 
number of times from a definite height. The soil was heated to any de- 
sired temperature by varying the temperature of the water contained in 
the vessel in which the soil tube was placed. There were six different 
temperatures employed, 0°, 10°, 20°, 830°, 40°, and 50° C. These tempera- 
tures are within the limits of the temperature changes that occur in the 
bare soil between winter and summer, and between day and night in sue- 
cession, or at intervals of a few days. The soil was kept at the same tem- 
perature until no more gas was expelled or pressure exerted. In the 
case of the moist soil the equilibrium was attained in about 30 minutes, 
but in the case of the dry soils, a somewhat longer time was required. 
It is doubtful, however, whether all the air was expelled, even when 
equilibrium was established, because there are films or small bubbles of 
air which adhere with great tenacity to particles, and especially to those 
coated with oily substances. Moreover, some air is imprisoned and can- 
not escape. Some very slight irregularities which will be noticed in some 
of the results, may be attributed to these factors. But the error resulting 
from the difficulty of expelling all the gas must relatively be very small 
on account of the large volumes of gas expelled. The following tables 
and diagrams represent the results obtained. Table 9 contains the ob- 
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FIG. 13. CURVE SHOWING THE EXPULSION,OF AIR{FROM ONE HALF CUBIC FOOT 
OF AIR DRY SOIL AT DIFFERENT TEMPERATURES. 
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tained and caleulated data for the volume of gas expelled from the dry 
soils. Table 10 contains the identical data for the moist soils. These 
tables are accompanied by figures 15 and 14 respectively. Table 11 repre- 
sents the amount of pressure exerted by the moist soils only. The data 
of this table is shown on figure 15. 
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B—Clyde Silt Loam. 
C—Clay. 
D—Quartz. 
E—Sandy Loam. 
F—Silt Loam. 
G—Empty Tube. 


FIG. 15. CURVE SHOWING THE PRESSURE EXERTED BY AIR IN ONE HALF CUBIC 
FOOT OF MOIST SOIL AT DIFFERENT TEMPERATURES. 


Before entering into the discussion of the data presented in the pre- 
ceding tables and charts, an explanation of their form of presentation 
is necessary. The first eleven columns of tables 9 and 10 show the 
weight of the soils contained in the tube, the percentage of pore space, etc., 
and the actual number of cubic centimeters of air obtained at the various 
temperatures. The last seven columns to the right show the same ex- 
perimental results reduced to the volume of air that one-half cubic foot 
of soil would give, provided it had the same percentage of pore space as 
the soil in the tube. This basis makes the figure more practicable and 
more comprehensible. As will be seen, the volumes are not reduced to 
the standard condition of temperature and pressure, which can be done 


by the use of the formula of V, = V Orage 
760 (1 + 0.003867¢) 


P—M 
vy ——_____—_————- where \V, is the volume under standard condi- 
760 (1 + 0.00367t) 
tions, V the observed volume, P the pressure expressed in millimeters of 
mercury, t the observed temperature, and M the vapor pressure of the 
liquid, because the data as given above represent more closely the true 
state of affairs. As will be shown later, the amount of gas expelled or 
pressure produced, are very greatly influenced by the aqueous vapor 
present, and if the results were reduced to the standard conditions, this 
factor would have to be eliminated. The principal object of the re- 
search is to ascertain to what extent temperature affects the ventilation 
of soils in toto, and not necessarily the increase of volume of the pure 
gases in the soil. Nor are the data reduced to any common pressure. 
The atmospheric pressure varied about .20 inches on the barometer for 
different experiments. Repeated tests showed, however, that the error 
resulting from the difficulty of expelling all the gas from the soils, ex- 
ceeds that due to the small variations in the atmospheric pressure. 
Hence, the changes in atmospheric pressure have been disregarded in 
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the calculation of the preceding results. The first ten columns of table 
11 show the actual pressure in atmospheres of mercury that the experi- 
mental soils produced, and the last seven columns represent the same 
data reduced to the basis of one-half cubic foot of soil, the percentage of 
pore space in the experimental soil being taken as a basis. 

With these explanatory remarks in mind, the discussion of the data 
may now be undertaken. Disregarding for the present table 9 with the dry 
soils, and considering only table 10 with the moist soils, it will be found 
that temperature exerts a great influence on the aeration of soils. The 
quantity of gas that would actually be exhaled or inhaled by raising the 
temperature of the upper half cubic foot of soil from 0° to 10° C., 
amounts to 326.2 cc. in the quartz sand, 288.8 in sandy loam, 325.7 in 
silt loam, 354.0 in Clyde silt loam, 363.2 in clay, and 465.9 in peat. These 
volumes increase very regularly and markedly with rise in temperature 
so that at the temperature elevation of from 40° to 50° C. they amount 
to 549.5 ce. in quartz sand, 559.0 in sandy loam, 567.6 in silt loam, 596.3 
in Clyde silt loam, 605.3 in clay and 792.0 in peat. It must be noted that 
this increase in volume with a rise in temperature is contrary to the law 
of Charles which states that “providing the pressure remains constant 
the volume of a gas will change 1/273 for each degree of change of tem- 
perature.” In the present case the pressure, which is the atmospheric, 
remained constant throughout the duration of the experiment. Accord- 
ing to this law the results should follow the formula V = V, (1 + at) in 
which V, represents the volume of the gas at 0° and V the volume at a 
temperature of t and a = 1/2738, so that the increase in volume for every 
rise of 10° C. should be the same for all equal temperature increments. 
The Jast column to the right shows the theoretical increase in volume 
of air contained in the total pore space of the upper half cubic foot of 
soil, for every raise of 10° C. up to 50° C. By comparing this theoretical 
increase in volume with the actual increase obtained at the different 
‘temperature elevations, the remarkable fact becomes at once evident that 
the latter not only rises with every increment of temperature, while the 
former remains the same, but also the difference between the two is very 
marked even at the temperature elevation of from 0° to 10° C., and that 
it is gradually accentuated with further rise in temperature so that at 
the temperature elevation of from 40°-50° C. it is, in most cases about 
4 times greater than that at 0°-10° C. For example, at the temperature 
elevation of from 0° to 10° ©, the difference in volume increase between 
the actual and theoretical is 90.6 ce. for quartz sand, 38.8 for sandy 
loam, 82.0 for silt loam, 78.0 for Clyde silt loam, 102.2 for clay, and 
265.5 for peat. While at the temperature elevation of from 40° to 50° 
C. the difference is 314.1 cc. for quartz sand, 309.0 for sandy loam, 323.9 
for silt loam, 320.3 for Clyde silt loam, 344.3 for clay and 592.6 for 
peat. It will also be seen that the increase in volume of the actual re- 
sults is 50 per cent greater from the rise of temperature of from 40° to 
50° ©. than that from 0° to 10° C., while the increase in volume of the 
theoretical results is the same at both increments of temperature. 

The horizontal line to the left headed “empty tube” contains some 
very important information in connection with what has been said 
above. This column contains the increase in volume of the air enclosed 
in an empty tube of exactly the same capacity as that contained the 
soils. The air in this tube was dried by heating the tube to 100° C. and 
then cooling it gradually to 0° C. and allowing air to pass either through 
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CaCL, or H,SO, before it entered the tube. This procedure had an ob- 
ject in view which will be revealed subsequently. Since the tube was 
empty its “porosity” was 100 per cent. Reducing, for sake of compari- 
son, its volume to that of an empty half-cubie foot, the increase in vol- 
ume of the air by increments of 10° C. will be found at the bottom of the 
right hand half of the table. An examination of these results show that 
they follow the law of Charles in that the increase in volume is the 
same for equal raise in temperature. The total increase in volume from 0° 
to 50° C. is greater than that of quartz sand, sandy loam, silt loam, Clyde 
silt loam, and clay but is 261.4 cc. less than that of peat. This is indeed 
very interesting, the half cubic foot tube filled with moist peat and hav- 
ing a pore space of 5470 cc. should give a greater increase in volume of 
air from a temperature rise of from 0° to 50° C. than the same half 
cubic foot tube containing nothing but dry air, and having a pore space 
of 14,160 cc. On the other hand, when the air of this empty tube is not 
previously dried, the increase in volume for every 10° C. raise of tem- 
perature ascends exactly as that of the moist soils, and that the total 
volume increase is far greater than that of all the soils, including peat. 
This difference in the results between the dry and moist air in the tube 
suggested the explanation as to the cause of the difference between the 
actual and calculated results already considered. 

Taking up now table 10 with the air dry soils, it will be seen that the 
results follow in order those of the moist soils. The only difference is 
that in the former the actual increase in volume with the various incre- 
ments of temperature is not so marked and so regular, and that the total 
volume increase is not so great, as in the latter. An explanation for 
these apparent variations will be offered subsequently. 

Table 11 and the accompanying figure 14 show, as already stated, the 
pressure exerted in atmospheres of mercury by the moist soils contained 
in the tube of 152 ce. capacity, or in half cubie foot (14,160 ce.) tube. 
An examination of these data will at once reveal the fact ‘that the pres- 
sure produced by the increase in volume with rise in temperature is 
tremendous. The amount of pressure that would actually be produced 
by raising the temperature of the upper half cubic foot of soil from 0° 
to 10° ©. amounts 3.187 atmospheres in quartz sand, 3.187 in sandy loam, 
3.187 in silt loam, 3.3879 in Clyde silt loam, 3.308 in clay, and 4.291 in 
peat. This pressure increases in all the soils regularly and rapidly with 
a rise in temperature so that the temperature elevation of from 40° to 
50° ©. the pressure exerted by the quartz sand is 6. 486 atmospheres, by 
the sandy loam 6.498, by the silt loam 6.498, by the Clyde silt loam 
6.734, by the clay 6.616 and by the peat 8.337. Evidently the pressure in- 
creases as abnormally as the volume, and consequently both must possess 
a common cause. Theoretically, the amount.of pressure produced by the 
various 10° C: increments must be the same as the results of the empty 
tube show, which were obtained from dried air. 

The foregoing abnormalities, both in the volume and pressure increase 
with a continued rise in temperature, and the great deviation from the 
theoretical yolumes as calculated from the porosity of the soil, are due 

(1) to the pressure or expansion of the water vapor, and (2) to the 
gases absorbed by the soils and given off at the various temperatures. 

As already mentioned, water is transformed into vapor by the ap- 
plication of heat and the quantity vaporized increases with rise of 
temperature, and is usually deduced from the pressure exerted. The 
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following table shows the great influence that temperature has upon 
the vapor pressure. 


TABLE 12.—TENSION OF AQUEOUS VAPOR. 


; Pressure in Pressure in 
Temperature. millimeters. Temperature. millime’ ers. 
0°.0 4.5687 30°.0 31.5096 
RAO} | 6.5067 35°.0 41.827 
10°.0 9.1398 40°.0 54.906 
15°.0 | 12.6739 A5? 0 71.391 
20°.0 17 .3632 50°.0 91.982 
25°,0 23.5174 


It will be seen that the vapor pressure increases very regularly and 
rather markedly with rise in temperature. At the temperature of 0° C. 
the pressure is 4.5687 millimeters, while at 50° C. it is 91.982 milli- 
meters. From these figures it can be easily conceived why the volume of air 
expelled from the moist soils, and the pressure exerted by the air of the 
same soils, do not follow the laws of Charles, but instead, they increase 
differently at the various temperatures, and that the actual values are 
far greater than the theoretical. To obtain, therefore, the real increase 
in volume and pressure of the air alone, containing no moisture, the 
increase in volume and pressure due to the aqueous vapor must be de- 
ducted from the foregoing experimental data. This can be done by 
the use of suitable formulae but it would be of no practical value be- 
cause the data then would not show the complete influence of tempera- 
ture upon soil ventilation. The expansion or pressure of this aqueous 
vapor is dependent upon the temperature and upon the nature of the 
liquid, but it is not affected by the pressure of other gases nor by the 
amount of the liquid present. If a closed space, such as the tube here used 
is filled with a mixture of gases, each gas will exert a definite pressure 
which is the same whether it exists alone in the space or whether other 
gases are present. The total pressure of the gas mixture is the sum 
of the partial pressure of the various gases. The partial pressure of the 
aqueous vapor can be determined by the formula already given, pro- 
vided the gas is saturated. In the moist soil the air was saturated, 
but in the dry soils it was not, and some irregularities observed in the 
latter soils, are attributed to this fact. 

As already stated it has long been known that absoption of gases 
by solids decreases with temperature. This fact was verified in the 
present investigation. In order to ascertain to what extent absorption 
influenced the foregoing abnormal results, on soil aeration, a series of 
experiments was conducted upon the subject. The problem was _ in- 
vestigated by filling the usual tube with air dry soil and drying the 
latter in an oven for several hours at a temperature of 105° C. By 
holding the tube horizontally the solid rubber stopper and the rubber 
stopper which contained the bent tube, were inserted at the opposite 
ends. To the bent tube was attached also a tube containing CaCl. 
As the soil cooled it drew air through the CaCl,, the latter absorbed 
the water vapor and thus dried the air as it entered the soil tube. The 
soil was cooled to 0° C. and allowed to remain at that temperature for 
a few hours to absorb gas and come to an equilibrium. The temperature 
was then raised to different degrees and the gas expelled measured in 
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the usual manner. The quantity of gas given off was taken as a meas- 
ure of the amount that would be absorbed at the same temperature 
since expulsion is the reciprocal of absorption. Attention must be 
called here, however, to the fact that the porosity of the material comes 
into play and consequently not all of the gas given off or taken up 
at the various temperatures, is due to absorption. The soils employed 
were the same as those in the preceding series of experiments. The 
results obtained are detailed herewith. 


TABLE 13.—EFFECT OF TEMPERATURE ON ABSORPTION OF GASES. 


Soil Dry wt. |Capacity! 0-10°C. | 10-20°C.| 20-30°C.| 30-40°C.| 40-50°C.| Total 
¢ of soils. | of tube. Cue: Cac; Cac: ene: Ce: Cxcr 
| 
Quartzisands. 2.0. 202.5 152 3353 2.8 2.8 2.8 2.5 14.2 
Sandy loam midis ital ata} shore 221.6 152 3.9 3.6 3.0 3.0 2.6 nota | 
Clyde silt loam........ 164.5 152 5.0 4.3 4.2 4.0 3.6 21.1 
Clayieeis aoe een ae 182.5 152 4.8 4.4 4.2 4.1 3.8 20.30 
IRCat A sicher 92.0 152 6.1 5.4 5.0 4.9 4.5 25.9 
| 


It will be seen from the above table that the amount of air given 
off (or absorbed), decreases regularly and gradually with temperature. 
It will also be observed that the total quantity is greatest in peat and 
decreases with Clyde silt loam, clay, sandy loam and quartz in order 
respectively. 

From these results it is evident that absorption of gases by dry soils 
influences the eration of soils principally at the lower temperatures and 
that at the higher temperature it is the aqueous vapor which plays the 
most important and greatest role. 

It should be mentioned, however, in passing that a certain amount of 
the gases expelled from moist soil with the elevation of temperature is 
due also to that absorbed by the soil water. How much of the total 
volume owes its origin to this source it cannot be stated definitely as no 
experimental work was performed on the subject, but probably it is com- 
paratively very small. 

Thus we see that temperature has a tremendous influence upon soil 
aeration and in a manner not heretofore altogether realized. It is true 
that the diurnal temperature amplitudes are not very appreciable below 
six inches, but above this depth, which constitutes that layer of soil most 
tilled, they are very large, and especially in certain regions of the world. 
Field experiments on soil temperature at this Station, which have been 
running for four years, show that the diurnal fluctuation in temperature 
in the different types of bare soil, is sometimes as high as 25° C. for 
the first inch depth, 15° for the second, 18° for the third, 10° for the 
fourth, 8° for the fifth, and 6° for the sixth, making an average of about 
13° C. for the upper six inches. As a rule these fluctuations are larger 
for the sandy soils and smaller for the muck and peat and still smaller in 
cropped soils. During the warm part of the year there occurs very often 
excessive hot and cold days only a short distance apart. The difference 
between the maximum soil temperature of the excessively hot day and 
the minimum soil temperature of the excessively cold day sometimes 
amounts to 40° C. at the upper first inch of soil. On the other hand, it 
must also be remembered that the soil temperature undergoes great 
changes between summer and winter and the influence of temperature on 
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soil aeration must be considered from this standpoint also. Hence, the 
temperature ranges employed in this investigation are within the limits 
of the diurnal and seasonal changes that actually occur in the soil. 

At this point the reader may appear to be noticing certain discrepan- 
cies in the conclusions of the present research in comparison with those 
on the “Movement of Moisture from Moist and Warm Column of Soil to 
Dry and Cold Column of Soil with an Air Space between the two Col- 
umns.” In this latter research it was concluded that the amount of 
water moved through vapor, from a point of high to a point of low tem- 
perature, and the amount of water lost from the soil through diffusion of 
water vapor, are practically negligible. In the present research, it has 
been seen that temperature causes the expulsion of enormous amounts 
of gas from the soil, and that this abnormal increase in volume of gas 
expelled is due to aqueous vapor. The reader may now ask, How are 
these facts reconciled, If rise of temperature causes the expulsion of 
air from the soil which contains moisture, then the amount of water lost 
from the soil through vapor alone must be very large. The answer to 
these questions will be found in the following table which contains the 
amount of water vapor required to saturate a given quantity of air at 
different temperatures. The amount of water vapor which saturates a 
given quantity of air is usually expressed in grains per cubic foot or 
grams per cubic meter, or it may be expressed in terms of the pressure 
which it exerts in millimeters or inches. 


TABLE 14.—AMOUNT OF WATER VAPOR REQUIRED TO SATURATE A GIVEN QUANTITY 
OF AIR AT DIFFERENT TEMPERATURES. 


Amount of Amount of 
Temperature Me las water vapor | Temperature RVEDOE) water vapor 
degrees F. Dene ; in grains degrees C. Lee =. in grains 
2 per cu. ft. eset per cu. m. 
Ae BAe ol BGI ACRO GIT (OLE Se TORE ici Ine i Cnn eR 0 4.57 4.87 
Ruste ate rem ee cee oka is eget dvensvevencWaie "ave Guelelal| scale cove Scie a lakers 10 .14 
BPM ra ths terete. oe venevell csanthen a sce Mtcheceue. ooeil Bar ots heirs Much eene ace 20 17.36 Wis 
21 De BOSS a caer Cees 0.166 1.97 30 31.51 30.08 
AC Vereme ers te aveemcne 0.246 2.86 40 54.87 50.67 
DO eT as Gicte ym ces ls 0.360 7. TX 1 ae eee Se Nome eter e eal Lor cre down ito es 
GORE vansets iors tench ees 0.517 PVE sEe Ill, tate vwtetece toners Ceceeeil (are wala arte te Make ls, GEaneTe Mera tency oreo otccte nares 
MOM TESS Soe 0.732 CEO Oh eee a itera vaetcl|lticts ate ctetcns ehevceeol Pee eel whom tenes 
SO rea ctsvcks, akan oaks 1.022 MOS G5 Slt Saye nee ou ane ere <iapsttl ove sanstol oveuel oie ve Measuctleasanys oy ainiate tate tees 
SOR eres sn eee 1.408 AS A ere ere toe alin to ecote ciate ace rece: te | feteraseie te toasearsheneraee 
NOOO: sce k ee Ohi ae 1.916 LOS TOG aac eee Po eter a all ates le ates lene ated [lo Gbtape col ate poheueme ene 


Considering the figures of the Centigrade scale it will be seen that the 
amount of water contained in a cubic meter (1000 liters) of saturated 
air at 20° C. is only 17.15 grams. That means that if 1000 liters of 
saturated air are expelled from the soil at the temperature of 20° C. 
only 17.15 grams of water will be lost from the soil. In table 10, it is 
shown that by raising the temperature of one-half cubic foot of soil from 
0° to 50° C. only about two liters of air will be expelled from the mineral 
soils and about three liters from the peat. On the other hand, the air 
expelled from the soil as the temperature rises, cannot be said that it is 
always saturated. Hence, the amount of water that may be lost from the 
soil through expulsion of soil air incident to soil ventilation, is in- 
significant. 

Before closing this section, one more point should be considered; 
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namely, the effect of temperature upon the atmospheric pressure, and 
its influence in turn upon the aeration of soils. 

The diurnal variation of the atmospheric pressure may be classified 
thus: the chief maximum usually occurs at about 10 in the morning, the 
chief minimum at 4 in the afternoon, a secondary maximum at 10 in the 
evening, and a secondary minimum at 4 in the morning. The pressure is 
thus subject to double oscillation in the course of a day. The amplitude 
or amount of daily variation is always small, never amounting to more 
than 0.2 of an inch, and in many places being often less than a tenth 
of this. 

Now, temperature undoubtedly plays a Jarge part in causing this 
diurnal variation but the exact way in which it operates to produce the 
result cannot be satisfactorily stated. Theoretically, however, the maxi- 
mum would be expected at the time of least temperature, that is, at 
about sunrise, and the minimum at the highest temperature, that is, 
from 1 to about 8 o’clock in the afternoon. At these respective 
periods the surface soil also attains its maximum and minimum tem- 
perature. At these maximum and minimum temperatures there occurs 
the greatest amount of gas exhaled or inhaled. Hence, atmospheric pres- 
sure, as influenced by temperature, tends to aid in the ventilation of soil, 
but in a very small degree, if any, since its diurnal variation is so in- 
significant. 


SUMMARY. 


In this bulletin there are presented the results of an investigation upon 
the influence of temperature on certain physical processes in the soil, 
such as the capillary movement and retention of moisture, gravitational 
flow of water, thermo-osmose, gas flow, aeration of soils, ete. It was point- 
ed out at the outset that the influence of temperature upon these physical 
processes in the soil lacked experimental study and consequently our 
knowledge consisted almost entirely from a priori deductions from the 
physical laws of surface tension of liquids, viscosity of liquids and gases, 
and expansion of gases, as affected by temperature. The general prob- 
lem was subjected to an experimental study and the results obtained 
may be summarized as follows: 

The investigation upon the effect of temperature on the movement of 
water vapor and capillary moisture in soils shows that: 

(1) When one-half of a column of soil of uniform moisture content is 
maintained at 20° and 40° C. and the other half at 0° C. for eight hours, 
the percentage of water moved from the warm to the cold soil increases 
in all the different types of soil with rise in moisture content until a cer- 
tain water content is reached and then it decreases with further increase 
in moisture content. The results then plot into a parabola. The per- 
cent of moisture at which the maximum thermal translocation of 
water occurs is different for the various classes of soil, but the percentage 
of the maximum thermal translocation of water is about the same for 
all classes of soil for any one of the temperature amplitudes. The percent- 
age of moisture at which this maximum thermal translocation occurs is 
designated as thermal critical moisture content. 

These results are contrary to what might be expected from the laws 
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of surface tension and viseosity. They have led to the conclusion that 
the capillary movement of water in moist soils is not controlled entirely 
by the curvature of the capillary films, as is generally believed, but also 
by the unsatisfied attractive forces of the soil for water. 

(2) When a moist column of soil is kept at 20° and 40° C. anda 
dry column of soil at 0° C. for eight hours, and the two columns are 
separated by an air space, the percentage of moisture distilled over from 
the moist and warm column to the dry and cold column of soil is very 
insignificant for both amplitudes of temperature, and about the same for 
all moisture contents. 

These results lead to the conclusion (a) that the amount of water lost 
from the soil by water vapor is very small, (b) that there is no rising of 
vapor during the night from the warmer soil below to the cold soil above, 
and (c) that the source of water of the dew is not derived from the soil 
vapor, aS is commonly believed. . 

(3) When a moist column of soil is in contact with a dry column of 
soil and the former is kept at 20° and 40° ©. and the latter at 0° C. 
for eight hours, the amount of moisture moved from the moist and warm 
soil to the dry and cold soil increases with temperature and with mois- 
ture content. But when the moist column of soil is maintained at 0° C. 
and the dry column of soil at 20° and 40° C. for the same number of 
hours, there is very little, if any, movement of water from the former to 
the latter. 

These results have led to the conclusion that temperature has a very 
marked influence on the conservation of moisture by mulches. 

(4) No thermo-osmotic phenomena were observed in soils. 

(5) The research on the effect of temperature on the rate of perco- 
lation of water in soils shows that in the case of sandy loam, silt loam, 
clay loam, clay and muck the rate of flow increases with rise in tempera- 
ture up to about 30° C. and then decreases with further rise in tempera- 
ture. In the case of sand, however, the rate of flow increases with a con- 
stantly rising of temperature. In the former soils the results are explained 
under the hypothesis that the colloidal material present swells with in- 
crease in temperature and tends to close the channels through which the 
water flowed. 

(6) The water holding capacity of soils decreased with rise in tem- 
perature, but this decrease is not due entirely to the diminished surface 
tension of the soil water but also to other factors. 

(7) The rate of flow of air through soils decreases with rise in tem- 
perature. This dimunition is not entirely due to the increased viscosity 
of the gases, but in addition to some changes which the temperature pro- 
duces in the soil. 

(8) Temperature has a tremendous influence upon the aeration of 
soils. This influence is not due merely to the expansion of gases of the 
soil, as is commonly believed, but also to the absorption of gases by the 
soil at different temperatures, and to the aqueous vapor, 
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FOREWORD. 


This bulletin entitled “A Simplified Apparatus for Measuring the Con- 
ductivity of Electrolytes” is mainly technical physics and discusses 
the means of improying and making more accurate the methods of de- 
termining the conductivity of solutions. The bearing that this has on 
certain plant physiological investigations comes from the fact that in 
studying the question of nutrition, in particular, of the absorption of 
water and mineral nutrients, it is essential to have very accurate means 
of determining the salt content of the solutions used before, during, and 
at the close of experiments. 

When Dr. Hibbard began experiments, the known methods were found 
to be either comparatively crude, or exceedingly complicated, but with 
the help of Professor Chapman he has simplified the apparatus very 
greatly while at the same time he has improved its accuracy to an equal 
degree. 

I feel that this bulletin will be of value to workers in similar fines 
elsewhere as well as to physicists and chemists in general who demand 
very accurate means of determining in the electrical way the salt content 
of solutions. 

ERNST A. BESSEY. 
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1. INTRODUCTION. 


The most important problem in plant physiology is doubtless the 
general one of nutrition. Under this heading there are numerous sub- 
sidiary problems which have partially or entirely evaded explanation. 
Until recent years physiologists have had to depend upon the known facts 
of plrysics and chemistry, but now the closely allied subject of physical 
chemistry, which has been making rapid strides in the past ten or 
fifteen years, reveals many principles which offer invaluable aid. It is 
true that many subjects in this comparatively new science do not touch 
directly the activities of plants, but there are others which concern the 
student of plant physiology very closely. The newer knowledge of 
solutions is of fundamental importance. In no condition outside and 
inside the plant does matter play a more important physiological role than 
in a state of solution in water. Some soil solutions are dilute in respect 
to the minerals present in them and no doubt the solutes undergo a more 
or less complete dissociation, the former being true at infinite dilution. 
These solutes no longer exist as definite chemical compounds but are split 
up into part-molecules or ions each of which carries a charge of electricity 
and thereafter whatever properties the solutions may possess are due to 
the properties of these ions and the undissociated molecules when pres- 
ent. 

The plasma membrane surrounding the living portion of each cell pre- 
vents the entrance of any substance not in solution. Thus the knowledge 
of the behavior of solutions is of greatest value for a proper interpreta- 
tion of the absorption of electrolytes from the soil. Recent data obtained 
from conductivity measurements lend support to the theory that the 
solutes in the soil solution enter the plant in ionic form. The general 
problem of permeability has received added impetus through the applica- — 
tion of certain principles of physical chemistry. To the plasma membrane 
has been assigned the property of selective permeability and it is here 
also probable that we are concerned with ion permeability. Perhaps the 
most accurate and at any rate the simplest method for determining the 
changes in permeability, since doubt has been cast on the plasmolytic 
method, is the one of electrical conductivity. In the hands of Prof. W. 
J. V. Osterhout (19-31) the method has brought out many interesting 
facts. Permeability is altered by a variety of substances and conditions, 
and the plasma membrane is proteid rather than lipoidal in nature. The 
cell must be considered as a dynamic entity passing through various 
transformations and existing in a medium that is continually changing 
in a chemical and in a physical way. These complex conditions must give 
rise to new relations between the membrane, the various parts of the 
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cell, and its environment. Consequently the permeability of the mem- 
brane will be constantly changing. It is better to accept the view of 
selective permeability, though we cannot explain it in its intricate 
phases, than to assume that the membrane is quite impermeable to many 
of the solutes and that when these do penetrate, the membrane must 
“leak.” 

The concentration of the cell sap is rarely or never the same as that of 
the solution outside the plant, or in the conducting tissues of the plant. 
There is therefore established a movement of water into the cell, and a 
production of a hydrostatic pressure equivalent to the osmotic pressure 
of the dissolved substances. This pressure pushes the protoplasm out- 
ward and keeps the membrane tense and rigid. Osmotic pressure there- 
fore has a definite function. It maintains and regulates turgor. A 
knowledge of solutions is necessary to a proper understanding of this 
phenomenon. 

Much information has been collected to show that the molecules of sol- 
utes obey the well known laws of gases. A substance in solution in water 
acts essentially as a gas. These particles are not so free to move as in 
the gaseous state because of the friction between them and the molecules 
of water and thus great pressures are necessary to move them through 
the water or to separate them. This applicability of the laws of gases to 
solutes has made evident the proper basis of comparison between solu- 
tions of different compounds. So, now, solutions for comparison are 
equimolecular ones, and are not made on the percentage basis. We must 
take this fact into consideration in studying the influence of different salt 
solutions or nutrient solutions on the physiology of plants. The problems 
of balanced solution and antagonistic action have depended almost en- 
tirely for their explanation on a knowledge of physical chemistry. 

Conductivity measurements have helped immensely in the study of the 
influence of concentration on the absorption and excretion of solutes by 
the roots of plants while growing in dilute culture solutions. There is a 
certain concentration for each salt or mixture of salts at which the roots 
excrete and absorb electrolytes at the same rate. At certain concentra- 
tions on either side, one function overbalances the other. Thus a knowl- 
edge of the culture concentration which is best fitted for the development 
of the plant can be obtained through conductivity studies. The con- 
ductivity method is the easiest and most accurate, since the resistance 
to the passage of an electric current is a function of the number of ions 
present in the solutien, and the number of ions is in turn the index of the 
concentration. This is true only in dilute solutions where complete dis- 
sociation has taken place. 

‘he presence of colloids, that are of constant occurrence in the soil, 
gives rise. ii the Soil Solution. to a phenomenon calied adsorption, Altho 
a subject containing little that is definitely known, it is nevertheless of 
much importance. A more thorough study from the vantage point of our 
present knowledge of physical chemistry should clear up much of the 
haze that envelops this subject. Physical adsorption as it is often called 
to distinguish it from absorption and chemical combination is defined as 
a concentration of one component on the interface between two phases. 
In dilute solution the solute is very likely adsorbed in ionic condition and 
if the assumption is true, that the adsorbed ions are then inoperative, 
the conductivity of the solution would be a measure of the amount of 
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adsorption. In complex systems special conditions would arise and in- 
troduce errors which would have to be rectified in some way, in order to 
make this method applicable. 

Certain physiologists, pathologists, biochemists, and others haye made 
use of conductivity methods, but, because of inaccuracies and difficulties 
attendant upon a measurement, comparatively little work except of a 
general nature has been done. The names of Roth (33), Bugarzky and 
Tangle (3), Sj6quist (57), Stewart (35), Woefel (45), Oker-Blom (18) 
and McClendon (16) stand out prominently. Their work was mostly 
concerned with the blood of animals and the eggs of shell fish. Osterhout 
(19-31), True and Bartlett (39-40), Dixon and Atkins (6-7), Stiles and 
Jorgensen (36), Bouyoucos (2), and others have entered the field from 
the botanical side. Bayliss has collected data on the hydrolysis of vari- 
ous proteids by the action of trypsin. He measured the increase in con- 
ductivity brought about by the reaction of the enzyme. Ziegel (46), 
van Suchtelen and Itano (41) have described electro-titrametrie methods 
for determining the end point in reaction. Kiister and Griiters (15) used 
the conductivity method as an indicator of neutrality in the titration of 
weak acids by strong bases. They also used the same method to determine 
the acidity of colored liquids where the color change of the indicator 
would be masked. Hall and Bell (8), and Patten and Robinson (32). 
working independently of each other applied the method of conductance 
to the determination of the neutrality of ammonium citrate solution. 
The work of Whitney and Means (44) and Davis and Bryan (4a) was 
along the line of developing a simple and efficient Wheatstone bridge that 
could be used in the field. This résumé of the literature does not claim 
to be exhaustive, the only purpose being to indicate the lines of study 
and direction of investigation. 

Since the problems, which in all probability will lend themselves to 
solution through the aid of conductivity measurements, are numerous, 
~and since so few have considered the results commensurate with the time, 
labor and patience in making a measurement, it is evident that any im- 
provement of the old method will tend to enhance its value and lead the 
way to a clearer understanding of some of the little known biological 
problems. The old method, as has been admitted, is not free from many 
sources of error. It is not an easy matter to make a measurement and 
more time than ought to be necessary is consumed in making it. Besides 
the nerves of the operator are constantly under strain. With the changes 
suggested in the following pages, one is now able to obtain a high degree 
of precision with greater rapidity and much less strain on the nerves. 
The correct bridge setting is determined by the aid of the eye instead of 
the ear, a change which will no doubt greatly commend the method. 

In the spring of 1913, by permission of the Director of the Experiment 
Station, a preliminary paper by the senior author (10) was published 
in the 15th report of the Michigan Academy of Science. Shortly before 
this, and while we were still working on the problems, there appeared in 
the February number of the Journal of the American Chemical Society a 
paper on “An Improved Apparatus for Measuring the Conductivity of 
Electrolytes,” by E. W. Washburn and J. E. Bell (42). The method 
outlined in this paper was based upon three important changes in the 
customary apparatus. Working independently of these investigators, 
we nade our changes along the same general line. However, our studies 
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led us to introduce a still further change in the apparatus. The two 
systems differ radically in the type of detector used. We used the alter- 
nating current galvanometer, while Washburn and Bell still made use of 
the telephone, which they have, however, greatly improved. 

The conductivity of a solution of any electrolyte is simply the recipro- 
cal of its resistivity. The resistivity of that solution is usually measured 
by balancing it against a known standard resistance. The apparatus 
used is the well known Wheatstone Bridge. This is a network of six con- 
ductors represented in one of the following three forms all of which are 
equivalent. See Fig. 1. Like letters designate the same conductors and 
the same points of connections in all. In the text books of physical 
chemistry the sketches are more diagramatic usually taking the form 
represented in Fig. 2. The parts referring to the six conductors are 
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Big. ot: 
Conventional diagrams of the six conductors in a Wheatstone Bridge Network. 
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Fig. 2. 


Conventional drawing of the parts of the Kohlrausch Setup. T, telephone; Z, electrolytic 
cell; Y, resistance; K, induction coil. 
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lettered exactly as in Fig. 1. The letter H represents the battery which 
acteates the induction coil K. The known resistance or set of resistance 
coils is Y, the unknown resistance or the solution whose resistance is 
desired is Z. T is the telephone. At this place it is not necessary to go 
further into the theory of conductance measurements but merely to call 
attention to the fact that this network illustrates the “Null” method in 
which the quantity being measured is balanced against some other quan- 
tity and the point of equilibrum determined by means of a telephone. 
It is less rapid than the deflection method but on the other hand is much 
more accurate and there is less necessity for applying corrections. “Null” 
methods are generally to be preferred for all precision work. 

The Wheatstone Bridge network described below is the outcome of a 
systematic study of the various sources of error in the ordinary method. 
We were led to such a study because of all the known methods for de- 
termining the resistance of electrolytes none proved suitable for the par- 
ticular problem then under investigation. Not only were there certain 
errors that could and should be eliminated, but the method we thought 
could also be simplified and made rapid and easy. It has been assumed, 
in the case of dilute nutrient cultures that the external errors due to the 
nature of the experiment are greater than the errors due to the apparatus. 
If this is true it is hardly advisable to improve the apparatus. However, 
the methods of control can be greatly improved so that a corresponding 
improvement in the apparatus is welcomed. It is obviously better to con- 
trol all the errors possible, whether of the apparatus or experimental 
technique, than to be satisfied to “let well enough alone.” In addition to 
its value to the biologist this method can be used by the most exacting 
physical chemist. It has a precision ten times that of the Kohlrausch 
method, and the measurements can be made with ease and rapidity. 


71 
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2. CONSIDERATION OF THE SOURCES OF ERROR. 


SOURCE OF CURRENT. 


All those who have had any experience with the usual method of de- 
termining the conductance of electrolytes will agree that of all the parts 
of the apparatus the induction coil gives the most trouble. It is continu- 
ally getting out of adjustment. Sometimes this happens while a measure- 
ment is being made. Perhaps one of the larger more expensive coils is 
less apt to get out of order. These, however, are not as efficient as the 
small cheap ones because in the latter the current that passes at each 
pulse is small, and consequently, error from polarization is negligible. 
Again, in the small cheap induction coils the vibration of the “hammer” 
is rapid and the tone, therefore, is high-pitched and more readily audible 
in the telephone. A tone similar to the hum of a gnat is the most desir- 
able. . 

There is a more serious trouble in the use of the induction coil than 
that mentioned aboye and for this reason it should be abandoned. The 


Wisse. 
Curve from an oscillogram of an induction coil current. After KE. W. Washburn. From 
page 10, catalogue 48, 1915, Leeds & Northrup Co. 


Fig. 4. 
Curve from an oscillogram of an induction coil current when operating well. After EB. W. 
Washburn, From page 10, catalog 48, 1915, Leeds & Northrup Co, 
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coil does not give a current whose integral value is zero. In other words, 
the current is not alternating; merely pulsating and haying a uni- 
directional component. This condition of affairs gives rise to polar- 
ization because of a counter e. m. f. and consequently a false reading. 
Altho we had assumed that such errors existed, and our assumption ap- 
peared justified, they had not been experimentally verified. Dr. Wash- 
burn, however, has recently shown by means of curves obtained from 
oscillograms, that these errors were present. Fig. 3 is a curve taken from 
an oscillogram of an induction coil current. It shows clearly that the 
current is not alternating. Fig. 4 represents the e. m. f. wave when the 
induction coil is operating well. By plotting the areas of the positive 
and negative loops with a suitable measuring device it will be seen that 
they are not equal, therefore the e. m. f. in one direction is greater than 
in the other and we have a unidirectional current. This same conclusion 
was reached by Dr. Washburn from another experiment. When the cur- 
rent from the secondary of an induction coil is passed through a silver 
coulometer a deposition of silver takes place, hence there is a polarization 
at the electrode and the current is unidirectional. The introduction of 
another electrolytic cell in the adjacent bridge arm has been suggested as 
a means of balancing out the polarization effect. This unfortunately does 
not correct the trouble because the cell itself is a source of error especi- 
ally on account of the temperature uncertainties. 

When used with the telephone the induction coil is not free from over 
tones and the frequency is not always constant for a sufficient length of 
time. If it should happen to maintain a constancy for a sufficient time 
it is apt to change in tone unexpectedly. Thus an improvement in the 
telephone, which recent work in wireless telegraphy has made possible 
would be of no advantage. Therefore, for precise work, the induction 
coil is not satisfactory. 

The Siemens and Halske high frequency generator, in connection with 
the telephone, has been used, but this only produces an approximate sine 
Wave even when operated on a current of constant potential. To protect 
it from varying loads and to detect such variations, quite an amount of 
auxiliary apparatus is necessary. A 110 volt generator to drive the ma- 
chine; two mica condensers to vary the capacity of the circuit and dis- 
tribute it symmetrically in respect to the generator; a device for detecting 
the frequency and to indicate when corrections should be made; two 
rheostats, one to control the speed of the motor and the other to vary the 
exciting current employed during a conductance measurement: and a hot 
wire ammeter to indicate the condition of the current, constitute the 
necessary apparatus. Such an array of apparatus will need constant 
care and watching to keep in good working order. It cannot be assembled 
in one place. The operation of certain parts interferes with the proper 
working of others. The generator because of the noise produced by the 
rapidly revolving toothed wheel must be put away in a room some dis- 
tance from that in which the measurements are being made. The operator 
must be in a quiet place in order to determine the minimum tone through 
the telephone. This auxiliary apparatus costs in the neighborhood of 
$300 and if it constituted all that was necessary for determining a con- 
ductance measurement, an objection might not be forthcoming. This is, 
however, only a small part, and simply arranges for a current of constant 
potential to the bridge. Probably the best source of constant potential 
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is the Vreeland Oscillator recently put on the market. It is the easiest 
to keep in running order and most convenient to handle. No condensers, 
frequency meters, hot wire ammeters, etc., are necessary. It is noiseless 
and therefore can be kept near the operator if need be. In addition, it 
has the great advantage of producing a pure sine wave. [Even in the 
cheaper form, the price of this instrument is $225, and is obviously too 
much to lay out on one part of a Wheatstone Bridge network. 

All these instruments give a frequency of 1,000 cycles per second. The 
use of a frequency of 60 cycles in conductance measurements of liquids 
will, in all probability, be viewed with suspicion, and we might also add 
that that was our earlier attitude. It is asserted that, working with such 
low frequencies, the results are liable to error from polarization. How- 
ever, after the continued use of this frequency, in connection with a sen- 
sitive indicator and the control of certain other necessary conditions, 
over a period of two years, we believe that the difficulties assumed are 
more apparent than real. Let us consider the theory for a moment. We 
can assume that, for a very small current passing for a short time, the 
e. in. f. of polarization is proportional to the quantity of electricity which 
has passed through the cell. When measured by a balanced Wheatstone 
Bridge the resistance will increase with the time that the current is kept 
on and will always be higher than the true resistance. For this reason 
the use of the Wheatstone Bridge with direct cwrrent is not suited to the 
determination of the resistance of solutions of electrolytes. If, on the 
other hand, one uses alternating current and a sensitive detector the 
principle of the Wheatstone Bridge can be used with accuracy. This is 
so, quoting from Dr. Northrup (17), “because the e. m. f. of polarization, 
produced by the current in one direction, and which would lead to a 
balancing of the bridge giving too high a value of the resistance, will, 
upon the reversal of the current, either be neutralized or, if not neutral- 
ized, will lead to a balancing of the bridge giving too.low a value of the 
resistance. Thus the setting actually obtained for a balance is the same 
whether polarization is neutralized or not, as would be required were 
there no polarization.” A statement of this kind from such an authority 
should cause us to reconsider our ideas of the possible error from 
polarization. 

It is a well known fact that the amount of hydrogen separated per 
square centimeter at the electrode is directly proportional to the current 
passing. By regulating the current so as to make it small, the amount or 
substance separated at the electrodes, or in other words the polarization 
can be made negligible. When the alternating current changes rapidly 
such as it will at a frequency of a thousand we are told that polarization 
is not likely to take place. There is not sufficient time for hydrogen to 
separate out before the phase is changed. At 60 cycles where more time 
elapses before the change to the other phase takes place it has been 
assumed that the hydrogen might possibly have time to diffuse into the 
solution and thus change the concentration. We are told that only under 
special conditions will the error from polarization be rendered small 
enough to permit measurements at 60 cycles per second. These state- 
ments above might lead one to believe that we have taken a lot for granted 
and accepted without reserve a lot of assumptions. In all our experi- 
ments we have not had any trouble from polarization which could not be 
eliminated. Because of the nature of the indicator we use it is not neces- 
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sary to pass the current through the network or system for more than a 
second at a time and thus the chance for error from polarization is very 
slight if any. In addition, if one platinizes the electrodes well and then 
selects the proper form of conductivity cell for solutions of high or low 
resistance, as the case may be, there is little danger of error from 
polarization. 


INDICATOR OR DETECTOR. 


There are a number of instruments that have been used to determine 
when the solution whose resistance is desired, is balanced against the 
known resistance in a Wheatstone Bridge network. The one that has 
been used more than any other is the telephone. Recent advances in 
wireless telegraphy have had much to do with the improvement of the 
telephone. It is claimed by some to be the best detector, and because 
of the improvements made we have the probable reason for its continued 
use. For precise work the telephone with all its improvements must be 
used in an absolutely quiet room. An improvised telephone booth should 
be provided. The operator must also give his undivided attention to the 
work of listening. The strain on the neryes is severe. It is exceedingly 
hard even under these conditions to detect a “perfect minimum” or a 
point at which no sound is heard. To determine the exact point where 
a constant but gradually decreasing sound stops, is difficult. One often 
imagines he hears a sound when in reality he does not. A continual hum 
in the head often follows the operator to his recreation for some time after 
he has left the laboratory. Recently the senior author was told that this 
trouble in determining the “perfect minimum” was obviated by a certain 
attachment on the telephone which caused a series of interrupted noises. 
When these staccato sounds were not heard the balance had been 
reached. Up to the present time he has been unable to find any article 
describing the modified telephone but it appears very possible that such 
a change could be made. An improvement of this sort would be welcomed. 

The telephone at its best is one that is “tuned” to the frequency of the 
exciting current and this is usually a thousand cycles per second. Even 
the best telephone, however, is not the best detector. There is a residual 
tone that cannot be eliminated and which is always present to interfere 
with the detection of the tone of the machine. The tones most evident in 
an alternating current are the upper partials, especially the upper third. 
One can modify the diaphragm of the telephone to eliminate this, but as 
one corrects one error, one falls into another. This correction would 
produce a sharp tuning curve and require too close a control of the 
frequency which in turn is difficult to maintain when there is any varia- 
tion in the operating current. An extra equipment noted above has to 
be supplied. With the telephone as the detector a fairly close adherence 
to the frequency is necessary. A deviation of 100 cycles per second halves 
the sensitivity. The difficulties attending the use of the telephone out- 
lined above led us to select an instrument which would not necessitate the 
use of the ear. Our best results were obtained with the Alternating Cur- 
rent Galvanometer with a mirror and scale. This is more satisfactory 
than the telephone in many respects. 

Probably the two greatest factors which influence the sensitivity of 
any resistance measuring device are the constant of the detector and the 
magnitude of the current. In the latter case there are certain limitations 
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which are dependent on the capacity and heating effects in the resistances, 
and in the former the limitations are only those that can be overcome. If 
it were not necessary, for example, to load a galvanometer system with a 
mirror for the purpose of reading a deflection, and if again the moment of 
inertia of the movable coils were as small as possible and if still further 
the coils were wound non-inductively and for the annulment of capacity, 
then the galvanometer would haye a large figure of merit. Progress in 
galyanometer construction is being rapidly made, and it only rests with 
the future to produce an extremly sensitive apparatus. The use of a 
galvanometer of the dynamometer type as a detector for liquid resist- 
ances was suggested more than fifteen years ago by the late professor 
Rowland (34) of Johns Hopkins University. It is surprising to note that 
apparently little attention has been given to this suggestion. _ The follow- 
ing quotation is taken from his Physical Papers, page 294: 

“T also give a few methods of resistance measurement more accurate 
than usually given by means of the telephones or electrodynamometers 
as usually used and especially suitable for resistances of electrolytic 
liquids’—“I have introduced here many new methods, depending upon 
adjusting two currents to a phase-difference of 90° which I believe to be 
a new principle. This I do by passing one current through the fixed coil 
and the other through the suspended coil of an electrodynamometer. By 
this means a heavy current can be passed through the fixed coils and a 
minute current through the movable coil, thus multiplying the sensitive- 
ness possibly a thousand times over the zero current method.” “Using 
non-inductive resistances, methods 10 and 14 are especially good and I 
have no doubt, will be of great value for liquid resistances. The liquid 
resistances must, however, be properly designed to avoid polarization 
errors.” “Altogether the results of experiment justify me in claiming 
that these methods will take a prominent place in electrical measurements 
especially where fluid resistances, * * * are to be measured. The new 
method of measuring liquid resistances with alternating currents allows a 

tube of quite pure water a meter long and 6 mm. in diameter haying a re- 

sistance of 10,000,000 ohms to be determined to one in a thousand or even 
one in ten thousand. The current passing through the water is very small, 
being at least 500 times less than that required when the bridge is used 
in the ordinary way. Hence polarization scarcely enters at all.” We 
reproduce two of his figures below (Fig. 5). In these two methods the 
concentric circles are the coils of the electrodynamometer. Either one 
is the fixed coil and the other is the hanging coil. Oblong figures are the 
inductances and when near each other are mutual inductances. A pair 
of cross lines is a condenser. This quotation is given in full because 
of its bearing on the present work and to aid in counteracting the general 
notion that the telephone is good enough. 

There have been several objections to the use of the dynamometer but 
none of these appear to have any foundation. It has been claimed 
that the most serious objection arises from the fact that the two cur- 
rents might sometimes be in quadrature. In this case, though the bridge 
is unbalanced and a current is passing through the coils, there will be no 
deflection of the galvanometer scale. Should such a possible condition 
arise it could be eliminated by the introduction of a condenser to produce 
a “lead” in the current. In all our experiments we have never experi- 
enced this trouble and yet if it should arise we have a suitable means of 
controlling it. 
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It has also been objected that the necessarily strong current in the coils 
to produce the greatest sensitivity would in turn produce such a load 
on the electrolytic solution as to exert a deleterious heating effect. This 
objection is not valid. Such a trouble can be obviated by introducing a 
variable resistance in the bridge circuit to control the amount of current 
to any strength desired. This heating effect is sometimes quite appre- 
ciable, and causes a very considerable error. It takes place in the more 


Mig. +5: 
Diagram of connections when using an_electrodynamometer. From Henry A. Rowland’s 
Physical Papers, Figs. 10 and 14, page 302. 


concentrated solutions. To determine the resistance of such solutions 
only a small amount of current is necessary. Cutting down the current 
does not decrease the sensitivity when working with such solutions. A 
paragraph from the works of Professor Rowland concerning the sensi- 
tivity of an electrodynamometer is quoted here:—“‘An electrodynamo- 
meter can be made to detect .0001 ampere without making the self induct- 
ance of the suspended coil more than .0007 henrys or that of the station- 
ary coils more than .0006 henrys, the latter readily sustaining a current 
of 1/10 amperes without much heating.” The point of balance is exact. 
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The galvanometer has at least four advantages over the telephone. 1. 
The direction of the deflection indicates on which side the bridge is un- 
balanced and the exact balance can be made easily and quickly. On the 
other hand in the case of the telephone the sound increases equally with- 
out distinction for a departure from the setting of ee resistance in either 
direction from that which gives a true balance. . When the current is 
put on, the direction of “ce reeping,” if there is in will indicate whether 
there is polarization or heating. This will quickly show where and how 
the changes in the system are to be made. 35. It is only necessary to close 
the switch for less than a second at a time when finding a balance. Con- 
sequently the possible error due to heating or polarization is negligible. 
When using a telephone the current is on all the time until the balance is 
found. 4. The eye is more accurate than the ear and even if the two 
instruments had the same figure of merit the one that makes use of the 
eye is preferable. The operator is not under a nervous strain even if he 
desires to attain an accuracy of .001 of 1%. 

The galvanometer costs more than the telephone but it is a well known 
fact that in general, increased sensibility in the indicating device leads 
to a reduction in size and cost of all the rest of the equipment required. 


RESISTANCES. 


The ordinary resistances and even the best grades of coils put out 
until recent years are not suitable when measuring the resistances of 
dilute solutions of electrolytes providing accurate results are desired. 
This is so because the coils are not free from capacity and inductance. 
These are the two great sources of error to be guarded against when using 
alternating currents. In a system like the Wheatstone Bridge every 
conductor has a capacity especially when it is surrounded by other con- 
ductors and this capacity can be defined as the ratio of the charge of 
the conductor to the potential produced by the charge. Its value is de- 
pendent on the form and dimension of the conductor and the nature of 
the dielectric. The electrolytic cell and the resistances act as capacities 
and vary with the current period. High resistance coils give the larger 
error. With resistance coils of 20,000 ohms or more, the power factor is 
large on account of the poor dielectric which the resistance contains. 
Consequently the capacity is large. 

The general effect of capacity is to produce a “lead” in the phase and 
whenever the phase difference is large the currents are apt to be in quad- 
rature and in this case though a current passes through, no deflection of 
the galvanometer scale is produced. Therefore correct resistance values 
can only be obtained by meeting the condition that the four arms of the 
bridge are without appreciable capacity and inductance. The new re- 
sistance coils are now wound to avoid capacity and inductance. The 
capacity of the electrolytic cells is eliminated by introducing a condenser 
of proper value. Kohlrausch (14) drew attention to this matter some 
time ago, but it is only in recent years that our knowledge of condensers 
has sufficiently advanced to develop one that is efficient. “The coils in the 
bridge should also be wound to avoid capacity and inductance. 

The effect of unbalanced capacity is to make the “balance point” less 
precise. The “balance point” is taken as that point where there is no 
deflection. This means that the unknown solution in the cup just bal- 
ances the known resistance. This definition further assumes that a move- 
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ment of the bridge, in either direction, as much as a tenth of a scale 
division should cause a deflection in the galvanometer scale. Under some 
conditions the range may extend a number of scale divisions before de- 
flection occurs. Thus only an approximate value is obtained and the 
reading is not.precise. By using a condenser this error can be corrected 
to a certain extent, but it is far better to avoid the use of condensers and 
use resistances which have no capacity. 

Again capacity effects increase with the frequency and soon produce 
heating which will raise the true resistance value and thus introduce an 
error. At a frequency of a thousand cycles per second the current does 
not flow equally through the cross section of the conductor but is con- 
fined mainly to its outer surface. Consequently when the current is not 
distributed equally heating results and the resistance rises and there is a 
false reading. 

By using alternating currents the errors from self inductance are 
greatly increased. With direct current self inductance only occurs at 
the making and breaking of the circuit. Alternating currents are not only 
passing forward and backward, but are rising and falling in value and 
such changes in a conductor will induce in it a counter e. m. f. This 
self-induced e. m. f. will be in such a direction as to oppose the change of 
current which it produced. The amount of self inductance is dependent 
on the rate of change in the current. Obviously alternating currents, 
and these at a high frequency introduce a great error. These can all 
be eliminated by using resistances wound non-inductively. The new 
Curtis resistance coils are such, and they are the only suitable ones for 
electrolytic measurements. 


RESISTANCE CELLS. 


The solutions or living plant or animal tissues to be studied, are placed 
in certain resistance cups or cells. The form, shape and size of both the 
cups and the electrodes are matters of importance. The accuracy of a 
measurement is dependent to a great extent upon the design of the cell. 
Freedom from impurities must be assured. The construction of the vari- 
ous parts must not be lightly considered. ‘There are a number of factors, 
which make it necessary to construct resistance cells of various forms. 
In regard to solutions, one particular form is not suitable for concen- 
trated and dilute solutions alike. The form of the cell is dependent upon 
the size and shape of the electrodes and upon the distance these are apart. 
In turn the nature of the solutions controls the size and shape of the 
electrodes and the distance they should be apart. For convenience these 
cells have been grouped according to the purpose they serve. 1. Resist- 
ance cups for good conducting fluids. 2. Resistance cups for poor con- 
ducting fluids. Several different forms are figured in the publication of 
Kohlrausch and Holborn (14) and recently new forms by Prof. Washburn 
are pictured in catalogue No. 48 of the Leeds & Northrup Company. The 
Fritz Kohler catalogue for 1909 also shows a number of forms. 

The electrodes are usually circular in form and consequently the re- 
sistance desired is the resistance of a cylinder of liquid enclosed between 
them. This cylinder is modified greatly by either varying the distance 
between the electrodes or increasing the surface of the electrodes. As a 
general rule, it may be said that the electrodes must have a large surface 
and be close together when the solution to be measured is “conductivity- 
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water” or a solution which is extremely dilute in respect to its solute 
content. Conversely it follows that the electrodes must be far apart and 
the surface small, if one wishes to measure the resistance of concentrated 
solutions. In the former case, conditions are such as to favor the passage 
of a strong current, while in the latter a weaker current is allowed to 
pass and a further hindrance to its passage is effected by increasing the 
distance through which it is required to pass. 

It is necessary that the platinum be of the best quality and free from 
lead and calcium. Also it must be stiff enough so as not to change shape 
or get out of position. Otherwise the cell constant would vary and intro- 
duce a source of error. Certain modifications of the cell and its elec- 
trodes have much to do with the control of error from polarization. 
Platinized electrodes increase the surface enormously. Kohlrausch esti- 
mated that a coating of platinum black increased the surface a thousand 
times. With electrodes of such large surfaces polarization is negligible. 
Platinum black absorbs the gas as soon as it is separated out and it does 
not therefore modify the concentration of the solution. The statement 
has been made that it is unnecessary to platinize electrodes. From our 
experience with a frequency of 60 cycles per second we obtain better re- 
sults with platinized electrodes than with bright electrodes. It has been 
argued that bright electrodes are preferable since platinized electrodes 
cannot be used in all cases. Platinum black acts as a catalytic agent 
under certain conditions and will bring about chemical reactions. A 
proper selection of the solution or a modification of the electrodes will 
obviate this difficulty. Again, on account of the spongy nature of plati- 
num black, it is argued that it will absorb some of the electrolyte, and 
when the same cell is used for another solution of different concentration 
or character, it will cause an error in the measurement. By taking a 
new clean cell, or by cleaning the old one this trouble can be corrected. 

Another factor in regard to the construction of resistance cells must be 
kept in mind. There must be the smallest amount of space possible 
between the lateral edge of the electrodes and the glass walls of the elec- 
trolytic cup. When working with nutrient culture solutions in different 
sized beakers a new form of electrolytic cells is used. This is called the 
“plunger” cell. The electrodes are enclosed in a cylindrical glass chamber 
and always maintain the same position in reference to the side walls of 
the chamber. The chamber is pierced at the bottom and top by three 
holes. When this is plunged into the liquid in the beakers the solution 
passes through the holes and surrounds the electrodes. When everything 
is at rest a measurement can be made. When measuring the resistance 
of living or dead tissue another form is required. This must be made 
mechanically rigid and allow for an arrangement whereby the tissues 
can be securely and firmly clamped between the electrodes. This form is 
one devised particularly for work with tissues and is figured in this 
paper. 


SUMMARY. 


The following conclusions can be drawn from a consideration of what 
has been said concerning the sources of error in the usual Wheatstone 
Bridge set up. The induction coil as a source of current must be aban- 
doned. The telephone is not as sensitive as the alternating current gal- 
vanometer of the dynamometer type. The common resistance coils are 
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not suitable for work of precision and must be replaced by the Curtis 
Coils which are wound to avoid inductance and capacity. The resistance 
cups must be selected according to certain necessary conditions. A con- 
denser must be used across the resistance to balance out the capacity in 
the electrolytic cell. In the following pages we describe the apparatus 
we have been using and then add the results of a few tests to show the 
precision which this method attains. 


3. THE SIMPLIFIED RESISTANCE. MEASURING APPARATUS. 


When working with electrical instruments, or a resistance measuring 
network like the Wheatstone Bridge it is a good plan, on general princi- 
ples, to select the apparatus so that its various parts are in conformity. 
It is therefore necessary to know the various pieces and to be able to 
judge as to the relative value of things. It is obviously wrong to use a 
poor grade low resistance and a moderately sensitive detector if one de- 
sires to measure conductivity water. There are other arrangements 
which should be condemned, but yet are not so apparently wrong as in the 
above illustration. Each part should be selected and arranged to con- 
form to certain demands in other parts. In the usual method the station- 
ary coils and the swinging coils of the dynamometer have been connected 
in series. The better way and one in which the sensibility is increased 
nearly 1,000 times is to connect the swinging coils across the bridge and 
_ place the stationary coils in the main circuit. We believe, after working 
for some time with all the old and the most recent devices for measuring 
the conductivity of electrolytes, that we have now brought together a 
simplified, accurate and efficient apparatus. Fig. 6 shows the arrange- 
ment and scheme of connections for the new apparatus. Fig. 7 represents 
the apparatus all assembled ready for a measurement. 
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Tig. 6. 
Scheme of connections of the apparatus used in this paper. 
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Migs 7. 
Complete Setup. 
1. Bath. 2. Galvanometer. 8 and 4. Curtis Coils. 5. Decade Resistance in bridge 
circuit. 6. Switch controlling bridge and galvanometer circuit. 7. Bridge. 8. Condenser. 


SOURCE OF CURRENT. 


The source of current is a 60 cycle rotary converter. The first con- 
verter used was a large stationary type run on a constant potential of 
110 volts from an Edison storage battery. The first studies were made in 
the electrical power laboratory of the physics department. Later work 
was done in the botanical laboratory and the current derived from a small 
portable 1/10 horse power, 60 cycle, rotary converter. (Fig. 8). This 
was obtained from the Holtzer Cabot Electric Company of Boston. It 
proved very satisfactory. A variable transformer was used in connection 
with this converter to cut the current down to 6 yolts. This was then 
connected with the bridge circuit and the stationary coils of the gal- 
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vanometer circuit without further change. In a previous part of this 
paper reasons were given to show that no errors but what could be cor- 
rected could arise from the use of this frequency. The converter and its 
transformer were stored away under the table and kept from the galvan- 
ometer so that the latter would not be exposed to any external electric 
field. Underneath and at the side of the table within easy reach of the 
operator a switch and starting box was placed. It was deemed advisable 
to use a starting box so as to avoid any injury to the rotary converter 
through overloading. 


Fig. 8. 
Source of alternating current. 1. Rotary converter. 2. Transformer. 


DETECTOR, 


The instrument used to determine when a balance had been found was 
an alternating current galvanometer of the electrodynamometer type, 
first suggested by Prof. Rowland in 1897. This galvanometer was made 
by the Leeds & Northrup Company and has proven very satisfactory. 
Fig. 9 shows the scheme of connections. The fixed coil of the galvanom- 
eter is placed in the main circuit to increase the sensibility of the appa- 
ratus. The swinging coil is connected across the bridge in the same 
manner as with the telephone in the Kohlrausch method. The resistance 
of the fixed coil is 29.8 ohms and the maximum allowable current is 1/5 
of an ampere for 10 second periods. : By throwing on the 6 volts from the 
transformer this value of the current is just reached. The resistance of 
the swinging coil is 21.8 ohms and the maximum allowable current is 


or 
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Fig. 9. 
Scheme of connections when a galvanometer is used in the Wheatstone Bridge network. 


Fig. 10. 
Detector. An alternating current galvanometer. 
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1/10 of an ampere for 10 second periods. Fig. 10 is a cut of the alterna- 
ting current galvanometer used in these experiments. 

When a galvanometer of the moving coil type is used, precautions 
must be taken against exterior electric fields. All such parts as produce 
this trouble should be incased in metal tubing or placed below the table. 
Until this was done the galvanometer scale was deflected as much as a 
seale division. This means an error of .1 of 1%. The data that accom- 
panied the galvanometer make no mention of its sensitivity except when 
the stationary coil is so connected as to be in series with the swinging 


Hig eat: 
Bridge. 
Posts for leads to electrolytic cell. 
Posts behind drum for galvanometer leads. 
Battery post. 
Extension wire posts. “Extension’’ represented as in. 
Resistance in bridge base. Disconnected. 


SUR CONES 


coil. Under this condition the sensitivity is .0027 amperes at 100 mm. 
Connected up in the other way the sensitivity is probably of the fol- 
lowing order .000027 at 100 mm. A double contact switch on the top of 
the table and near the operator controls the galvanometer and bridge cir- 
cuits. The circuit can be made and broken as the conditions require. It 
is never left on for more than a minute and usually only for a second or 
less. As soon as a deflection is noticed the circuit is broken and an ad- 
justment of the bridge made. The circuit is again closed and the deflec- 
tions of the scale observed. This operation is repeated until a balance is 
obtained. By this means errors from heating and polarization are elimin- 
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ated. The connections on the double contact switch should be made so as 
to close the bridge circuit first and then the galvanometer circuit. A 
bottle of damping fluid is supplied with the instrument. Enough of this 
fluid is placed in the glass receptacle to cover the mica vane. The instru- 
ment is thus made aperiodic coming back to zero rapidly without over 
shooting. 


BRIDGE. 


The bridge, Fig. 11, is also made by the Leeds & Northrup Company. 
It is the latest improvement of the roller type. Kohlrausch (14). early 
showed that if an accuracy of .05 of 1% is desired the bridge wire would 
have to be extended. Two coils, non-inductively wound, each of which has 
a resistance of 444 times that of the bridge wire itself, were placed at 
opposite ends of the wire. This constitutes the “extended bridge.” The 
coils were so mounted on the bridge that by the removal of a couple of 
plugs the extension coils could be connected in. The rheostat coils usu- 
ally found on this type of bridge were disconnected to avoid any error 
from capacity and inductance. The bridge has ten turns of wire upon its 
drum with a resistance of 7.157 ohms. Each extension has a value of 32.2 
ohms thus making the resistance of the bridge wire and its extensions 
71.557 ohms. A wire of low resistance and larger cross section is prefer- 
able to one that is very slight and slender because its calibration will re- 
main more nearly constant. In addition it will stand wear and heavy 
treatment better. 

There are a thousand scale divisions on the bridge and each one of these 
is divided into halves, making a scale of two thousand parts. Each of the 
smallest scale divisions is 3 mm. wide, and the bridge reading can be 
made to 1/5 part of this division without much difficulty. The error from 
a bridge reading will not be more than .002 of 1%. 

The alternating current was first passed through a variable resistance 
in series with the bridge and then connected to the slider. The resistance 
was introduced in order to vary the current, for when the more concen- 
trated solutions are used much less current is needed. If the full cur- 
rent was passed through, the heating of the electrolyte would follow, and 
result in a false reading on the bridge. The resistance is connected on one 
arm of the bridge and the electrolytic cell in the other. The swinging 
coils are placed across the bridge. 


RESISTANCES. 


The known resistances must of necessity be the best obtainable. These 
are the new Curtis Coils (Fig. 12). Their use was suggested to us after 
reading the article by Dr. Curtis (4) in a publication of the U. S. Bureau 
of Standards. According to a new method of winding the self-inductance 
and capacity of the coils are anulled. By request the Leeds & Northrup 
Company made for us a number of such coils of different values and as- 
sembled them in a box. Two of these boxes have been used in the ex- 
periments described in this paper. In assembling the coils in box form, 
it should be remembered that it is necessary to keep them sufficiently 
far apart to avoid any error from capacity. The newer “dial decade type” 
is more convenient and has a range of from 1 to over 100,000 ohms. A 
variable condenser (Fig. 12) must be introduced across the resistance to 
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balance out the capacity in the electrolytic cup. This condenser must be 
chosen with a view to avoiding any leakage and therefore its insulation 
must be sufficiently high. An error of .2 of 1% is apt to occur from this 
cause. In making a measurement, take as much care to balance the 
capacities as you do to balance the resistances. 


ELECTROLYTIC CELLS. 


The cells used in these experiments were of different forms depending 
upon the purpose for which they were to be used. The materials from 


. 


hey aie 
1. Resistance box. Curtis Coils. 
2. Condenser. 


which they were made were Jena glass, hard vulcanite rubber, and plati- 
num. Jena glass was chosen because it is one of the least soluble of all 
makes of glass. The slightest impurity from the glass or air causes an 
error in the resistance of the solution. The glassware was thoroughly 
cleaned by soaking it in a hot solution of potassium dichromate in sul- 
phuric acid and afterwards rinsed in distilled water. The final treatment 
consisted in a steaming process for a few hours. “Conductivity water” 
showed no change in resistance after staying in cups prepared as above 
for a period of at least twenty-four hours. The hard vulcanite rubber 
parts were kept clean. The platinum was at least .35 mm. thick and 
rigidly fused to the glass connections. This prevented any change in 
the cell constant which would happen if the electrodes were in any way 
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dislodged from their original position in reference to each other and the 
sides of the glass container. 

Platinized electrodes were used in all the tests and the platinizing was 
according to the usual method (5). When the electrodes receive a coat 
of platinum black their surfaces are immensely increased and polarization 
is negligible. The electrodes were frequently cleaned and replatinized. 
Dr. Clark of the University of Illinois has suggested that the cleaning 
process can be greatly facilitated by placing the electrodes in Aqua Regia 
with a reversal of the current every minute. It takes only a few minutes 
to clean them thoroughly. When not in use the electrodes are kept in 
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fg 
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Fig. 13. 
Resistance Cells. 
Explanation of different types in text. 


conductivity water (about 2.0x10-6). Before using the cells, they are 
tested for constancy and when two successive readings of conductivity 
water give the same figures, the cells are considered in proper condition 
to use. 

The various forms are shown in Fig. 13, Nos. 1, 4 and 5 are for solutions 
of low conductivity and Nos. 3 and 6 for high conductivity and No. 2 for 
medium conductivity. Nos. 4 and 5 are the plunger types to be used to 
determine the resistance of solutions in any size or form of beaker. This 
type eliminates the side effects. No. 7 is used when it is desired to meas- 
ure the resistance of living tissues. Discs of the living tissues are pre- 
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pared by using a cork-borer or other suitable device. These dises are then 
piled one upon another like a pile of pennies and clamped firmly between 
the electrodes. The pipette forms are similar to those figured in a paper 
by Washburn and MacInnes (43). It is preferable to have the electrodes 
vertical rather than horizontal for the quick removal of heat. It is ad- 
visable to immerse the bridge leads in tubes containing mercury, these 
tubes to be immersed in the bath so as to be at the same temperature as 
the cell. This reduces the passage of heat between the room and the cell. 


THERMOSTAT. 


The conductivity of a solution is greatly affected by temperature 
changes. A variation of one degree gives an error of 2% in the readings. 
It is necessary therefore to keep the temperature constant during con- 
ductivity measurements. For accurate measurements, a variation of .01 
of a degree C. is not permissible. The best thermostat contains a large 
body of water to reduce the effect of temperature changes of the sur- 
rounding bodies. This water must be kept in constant motion and at a 
constant temperature. 

Various devices for automatically regulating temperature have been 
tried. The really efficient one is electrical. The electrolytic cells are 
suspended in the bath and allowed to remain so for at least 10 minutes 
before a measurement is taken. Then the resistance, that is to balance 
the solution to be tested is adjusted, approximately. The bridge wire can 
be used alone or in combination with the “extensions.” For accurate 
work the “extended wire” must be used. A modification of the Ostwald 
thermostat was used for preliminary work. This only kept the tempera- 
ture constant to within a .1 of a degree. For accurate work the Freas 
water thermostat may be used. In this one the temperature is kept con- 
stant to .002 of a degree. A Beckmann thermometer should be suspended 
in any water bath as a check on the thermostat. The temperature of the 
bath was kept constant at 18° C. 


4. METHOD OF OPERATION. 


The following method of operation is suggested. See that the bath 
temperature is correct and constant. Select the cell that will be best 
suited for measuring the solution in question. Fill the cell and suspend 
it in the thermostat. When the solution is at the temperature of the bath 
a measurement may be made. Now start the rotary converter, being 
sure that the double contact switch which closes the bridge and galvan- 
ometer circuits is open. Throw in 500 or 1,000 ohms resistance in the 
variable rheostat so as to cut down the current entering the bridge. This 
will prevent excessive deflection of the galvanometer scale. Observe the 
zero point on the galvanometer scale and then close the galvanometer and 
bridge circuit switch for an instant. Note the direction of deflection. 
This will indicate whether the known resistance is too high or too low. 
Adjust the resistance to suit condition and close switch again. Repeat 
operation until balance is approximately obtained. Now vary the cur- 
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rent on the bridge by adjusting the variable resistance until a maxi- 
mum sensibility is obtained. At the same time adjust the condenser to 
balance out the capacity of the cup. Carefully adjust all three, the cur- 
rent, the resistance and the condenser and make a careful reading. Make 
another filling of the cell and repeat operations until checks are obtained. 


0. EXPERIMENTAL. 


The apparatus we have assembled is not only less tedious or trying to 
operate but shows a high degree of precision. We note below the data on 
a few experiments. It is not necessary at this time to publish at further 
length, for in this paper we wish only to describe the apparatus and its 
method of operation and draw attention to its applicability to biological 
problems and reserve for a future publication the experiments for which 
this apparatus was primarily devised. 


Haeperiment I. 


The object of this experiment is to show the precision that can be ob- 
tained when using certain values of known resistances, balanced against 
each other. The new Curtis Coils were used. In the table below one set 
of coils is designated as A and the other as B. The “perfect balance” is 
defined as that point at which the galvanometer scale does not move. Now 
if the bridge is moved .1 of a scale division either side of this point, a 
deflection of the galvanometer is seen. A tenth of a scale division is 
selected, as this is about the smallest deviation which can be estimated 
without the use of a micrometer screw, and magnifying glass. The 
“extended” E and “short” S bridge wires were used. The former is used 
when an accuracy of more than .05 per cent is desired. The latter is suffi- 
cient for all tests of culture solution. 


GALVANOMETER METHOD. 


No. of test. | Res. A. Res. B. Bridge. Range. 
= f 5000 5 )00 Ss Perfect balance. 
Bee e eer eeeeeeeseeeeee eee eeeeeeeeeeene \ 5000 | 5000 E Perfect balance. 
io if 10000 10000 Ss .2 scale division. 
Meese eeeeeeee eee eee eee eee ee \ 1UUUU 10000 E 3 scale division. 
| a 
3 20000 20000 | Ss .4 scale division. 
D aes 2.60 © 8.6 ©.6.0 6 » 6.6.0 'efe Ss 65/16 6 © Bes 2 « Ra 20000 20000 E ay scale division. 
fobs 35000 35000 s .7 scale division. 
Si eretaia 66.6 6 6 6 gins 6 o's eo © 0.0 8! to ¢ be a SiN) 6, & 35000 35000 BE 8 scale division. 
} . 
55000 55000 | s 1.0 scale division. 
5 eenee ee ee ee ee ee 55000 55000 | E 2 . 25 scale division. 
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Eeperiment IT. 


The object of this experiment is to show the precision that can be ob- 
tained while using varying concentrations of KCl. The readings were 
made by one person. 

A. Sol. M/10 KCl., E. Bridge, T. 18° C., Known Res. 26.6 ohms., Res. on 


bridge circuit 1,000. Conductivity cell No. II, electrodes platinized and 
10 mm. apart. 


No. reading Res. ohms. Bridge reading. 
26.6 506.8 
2 26.6 506.7 
3 26.6 . 506.8 
4 26.6 506.8 


A “perfect balance” was obtained. In only one case was the reading .1 
less than the others. 


B. Sol. M/50 KCl, E. Bridge, T. 18° C., Known Res. 61 ohms., Resistance 
on bridge circuit 1,000 ohms. Conductivity cell No. I, electrodes platin- 
ized and 5 mm. apart. 


No. reading Res. ohms. Bridge reading. 
1 61 504.7 
2 61 504.7 
3 61 504.7 


A “perfect balance” was obtained. No deviation. 

C. Sol. M/1,000 KCl, E. Bridge, T. 18° C. Known Res. 1, 191 ohms., Res. 
on bridge circuit 400 ohms. Conductivity cell No. III, electrodes platin- 
ized and 6 mm. apart. 


No. reading Res. ohms. Bridge reading. 
al 11.911. 502.60 
2 1A Ot 502.60 
3 1191 502.70 


A “perfect balance” was obtained. 


D. Sol. — twice distilled water, E. Bridge, T. 18° C., Known Res. 33,600 
ohms. Resistance in bridge circuit, “out.” Conductivity cup X, elec- 
trodes platinized and 2 mm. apart. 

Bridge reading. 


No. reading Res. in ohms. Left Middle Right 
1 33,600 502.5 503. 503.5 
2 33.600 502.5 503. 503.5 
3 33.600 502.5 503. 503.5 


Range of 1 scale division or .5 scale divisions on either side before de- 
flection took place. 


E. Conductivity water having a specific conductance of 1.7x10-° ohms. 
at temperature of 18° C., E. Bridge, T. 18° C., Known Resistance 85,000 
ohms. Res. in bridge circuit “out.” Conductivity cup X. Electrodes 
platinized and 2 mm. apart. 
Bridge reading. 
No. reading Res. in ohms. Left Middle Right 
a 85,000 497. 498.5 500. - 
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Range of 3 scale divisions. Reading was made quickly. The switch was 
closed for only an instant at a time. This precaution was necessary as 
the thin film of solution between the electrodes was exposed to a heating 
effect of the current. By allowing the current to pass for only an instant 
the heating effect was found to be negligible. 


Experiment ITI. 


In D and E of the preceding experiment the range of scale divisions 
is 1 in one case and 3 in the other. For solutions of high resistance these 


Com 


Fig. 14. 
Arrangement and connection of parts when a D. C. galvanometer and rectifier are used. 


results may be considered very good. An experiment was made however 
to see if the range could be shortened. 

It is a well known fact that a D. C. galvanometer is more sensitive than 
an A. C. galvanometer, but the former cannot be used with alternating 
currents. If, in some way, the alternating current can be rectified so 
as to become unidirectional then a D. C. galvanometer can be used. This 
change in current can be brought about by cutting out one of the phases 
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of an alternating current. Devices that accomplish this are usually called 
rectifiers. There are a number of different forms but the most satisfac- 
tory one for this particular condition is the commutator. This is fastened 
upon the shaft of the rotary converter. Before an experiment is made 
this commutator is so adjusted as to eliminate one phase entirely. This 
adjustment must be made accurately as the value of all the work which 
follows is dependent upon it. The brushes must also be kept clean. Care 
in the above matters is necessary if the best results are to be obtained. 
Fig. 14 shows the set-up of the apparatus when the commutator and 
D. C. galvanometer are used. 

For this experiment a water of rather low conductivity was selected. 
The resistance of this was determined by both the A. C. galvanometer 
method and the device which has just been described. The comparison is 
made from the standpoint of the range of scale divisions necessary for a 
reading. 

A. Sol. Water of rather low conductivity, E. Bridge, T. 18° C., Known 
resistance 51,100 ohms. Resistance in bridge circuit “out.” Conduc- 
tivity cup X, electrodes platinized and 2 mm. apart. 


Bridge Reading 


Method Left Middle Right Range 
eas Grad Veo) tecchcoaen 2 ooo 500. 501.125 502.25 2.25 
D. C. Galv. and commutator 509. 509.4 509.75 oto 


This shows that the use of a D. C. galvanometer and commutator 
shortens the range of scale divisions and makes the reading more precise. 

The condenser at hand, where this work was done, did not possess a low 
enough capacity. If a suitable condenser had been at hand the range of 
scale divisions would in all probability have been smaller. 
B. Sol. M/50 KCl, E. Bridge, T. 18° C., Known Res. 55 ohms. Res. in 
bridge circuit unknown. A rheostat not graduated was used. Conduc- 
tivity cup I, electrodes platinized and 5 mm. apart. 


No. of reading Bridge reading Range 
al 493 Perfect balance 
2 493 Perfect balance 
3 493 Perfect balance 


The heating effect was completely eliminated by placing a variable resist- 
ance in the bridge circuit. 


Experiment IV. 


This experiment is reported in order to demonstrate the presence of 
heating effect, when the current load on the electrolyte is heavy. It also 
shows how effectively it is eliminated by introducing a resistance in the 
bridge circuit. 

The solution was M/100 KCl, E. Bridge, T. 18° C., Known Res. 100 
ohms, The conductivity cup with ground-in thermometer was similar to 
that of figure 2 pictured on page 14, Leitvermégen der Elektrolyte, by 
Kohlrausch and Holborn. The electrodes were platinized but the distance 
between them was not determined. The form was that of a hollow cylin- 
der. The bath thermometer was a standard one with Reichsanstalt cer- _ 
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tificate and was graduated to tenths of a degree. The thermometer in 
the conductivity cup was graduated to tenths of a degree, but its aceu- 
racy is unknown. Since only relative changes are to be shown here ex-' 
treme accuracy in temperature is not necessary. When the temperature: 
of the bath was 18° C., that of the cup was 18.2° C. making a variation’ 
of .2 of a degree. The apparatus was first adjusted with the resistance 
in the bridge circuit and after a balance had been obtained the current 


was increased by a removal of the resistance. Immediately the scale ~ 


deflected in one direction and gradually continued in the same direction. 
When the deflection reached the end of the scale the current was cut off 
and the time taken by a stop watch and the rise in temperature of the 
electrolyte noted. As an average of five tests the end of the scale was 
reached in 52 seconds and the temperature in that time had risen .8°. It 
may be mentioned here that when a resistance of 1,000 ohms was in the 
bridge circuit and the key down two minutes there was no deflection or 
“creeping” showing that the heating had been effectively eliminated. 

The next two experiments are added in order to show the applicability 
of the conductivity apparatus described in the present paper to biological 
problems. As before, the intention is not to list a great number of ex- 
periments nor explain any in great detail. The method devised in this 
paper is adaptable to precise and delicate measurement of various biologi- 
cal phenomena. 


Experiment V. 


True (38) has shown that the resistance of distilled water decreases 
when seedlings of lupines or peas are grown in it, and attributes the 
fall of resistance to the excretion of electrolytes from the roots. His 
experiments touching on this point were repeated and confirmed. 

Distilled water was used as a culture solution. This was put into 
thoroughly cleaned Jena glass beakers of 250 ce. capacity. The quantity 
of distilled water used in the beaker was 200 cc. Seedlings of Lupinus 
albus were used as indicators. The seeds were first soaked in the same 
water for about 16 hours, then adjusted on paraffined wire hooks which 
were hung from the edges of the beaker. The seeds were so adjusted that 
the hypocotyl would, on growing, reach the water in a vertical position. 
The beaker was covered with a glass plate so that moist conditions could 
be maintained. When the roots had reached the length of about 2 cm.- 
the experiment was started. The seedlings while on the hooks were re- 
moved from this improvised germinator, washed thoroughly in fresh con- 
ductivity water and then suspended in the culture dishes. At the same 
time the electrodes were plunged into the solution and a reading made. 


_At3 P.M. 3/18/15 the resistance was 29,595 ohms. 


At 9:30 P. M. 3/13/15 the resistance was 24,945 ohms. 
At 9 A. M. 3/14/15 the resistance was 19,393 ohms. 
At 7:30 P. M. 3/14/15 the resistance was 16,125 ohms. 
At 8:40 A. M. 3/15/15 the resistance was 15,210 ohms. 


At 3:30 P. M. 3/15/15 the resistance was 13,735 ohms. 


This experiment shows that the excretion of electrolytes was more rapid 
and in larger quantities at the beginning than at the end of the given 


Pl 
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period. It also shows that during a period of a little over 48 hours the 
resistance had fallen from 29,595 ohms to 13,735 ohms. 

It is instructive to compare these results with the results obtained when 
tap water is the culture solution. The experiment is the same as the 
preceding in every respect except that the culture solution is tap water 
and the number of seedlings used thirteen. 


At 9:30 A..M. 3/13/15 the resistance was 272.272 ohms. 
At 11:40 A. M. 3/13/15 the resistance was 271.180 ohms. 
At 2:00 P. M. 3/13/15 the resistance was 269.088 ohms. 
At 9:20 P. M. 3/13/15 the resistance was 270.620 ohms. 
At 9:30 A. M. 3/14/15 the resistance was 269.088 ohms. 
At 3:30 P. M. 3/14/15 the resistance was 269.024 ohms. 


During the 30 hours in which the experiment was running there was 
very little change in the resistance. The concentration seemed such as 
would allow absorption and excretion of electrolytes at equal rates. 


Experiment VI. 

For some time it has been known that roots excrete CO,. To what ex- 
tent the decrease in resistance is due to the presence of CO, is not defi- 
nitely known. The following experiment shows, however, that the greater 
part is not due to the presence of CO, as might be thought. In this case 
about 18% of the change in concentration is probably due to carbon 
dioxide alone. 

Three clean Jena glass beakers were selected. These three contained 
equal quantities of distilled water having the same conductivity. This 
was accomplished by washing them successively in conductivity water 
until the wash water possessed the same resistance as the original water. 
The experiment was then started. In the first beaker no seedlings were 
placed. Four seedlings were put in the second beaker and the third re- 
ceived eight. They were put aside for 24 hours and then the conductivities 
were determined. The seedlings were removed and the CO, driven off 
by heat. As much care as possible was taken not to decrease the volume 
of fluid but yet be sure of driving off the carbon dioxide. Pure hot melted 
paraffine was poured on immediately and the beaker of water so covered 
was put away in the ice chest for the paraffine to harden. Pure paraffin 
is inert chemically and no error larger than the experimental error is 
believed to enter here. After a few hours the beaker was placed in the 
water bath to bring the solution to the proper temperature. The paraffin 
cap was now removed and the conductivity of the solution measured. 


Before Boiling. 


No. seedlings Bridge Reading Resistance Conductivity. 
0 490 93,690 1.67 x 106 
4 442 26,182 5.98 x 106 
8 538 17,174 9.12 x 10-6 
After Boiling. 
0 500 90,000 1.74 x 106 
4 570 30,112 5.20 x 10-6 
8 503 19,494 8.03 x 10-6 
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The last column in the first series shows that after 24 hours the resist- 
ance of the water in which four seedlings had grown had decreased con- 
siderably over that in which no seedlings had grown. Likewise the resist- 
ance of the solution in which eight seedlings had grown is lower than 
that of the solution in which four seedlings had grown. It may also be 
observed that the decrease is not exactly proportional to the number of 
individuals growing in the solution. In the last column of the second 
series it may be noticed that the water in which no seedlings had grown 
had a slightly higher conductivity after boiling than before. No expla- 
nation is here offered. In the case of the other two culture solutions it 
is seen that boiling reduced the conductance by about 13% of what it was 
before boiling. 


6. CONCLUSIONS. 


In this paper the authors have endeavored to draw attention to the 
many biological problems, for the investigation of which the Wheatstone 
Bridge apparatus seems especially fitted. A plea is also made for a more 
general use of the principles of physical chemistry and a closer attention 
to the acquisition of quantitative rather than qualitative results. 

Why this apparatus lias not been more widely used, is in all probability 
due to the fact that it possesses, in its customary form a number of 
sources of error, which preclude accurate measurement. In addition, the 
taking of a measurement necessitates a considerable strain on the nerves 
of the operator. It is obviously very difficult to listen through a telephone 
for a point at which a continuous but gradually decreasing sound stops. 

We have enumerated some of the errors inherent in the general method 
and believe that modifications, such as we have suggested make the appa- 
ratus much more precise as well as easier to operate. The induction coil 
was abandoned for a 60 cycle rotary converter, which gives a pure sine 
wave on a current of constant potential. The use of a frequency of 60 
cycles per second was not attended with any appreciable error. It has 
been shown that in assuming polarization at 60 cycles we are assuming 
something neither apparent nor real. We have used this frequency for 
a period of two years, and have had no trouble from polarization but what 
could pe eliminated. 

The alternating current galvanometer is a better detector than the 
telephone for four reasons:—t. An exact balance can be made quickiy 
and with ease. 2. Direction of deflection will indicate whether heating 
or polarization is taking place and the correction can be quickly made. 
3. The circuit need not be closed more than an instant at a time and 
therefore the possible error due to heating or polarization is negligible. 
4, The eye is more accurate than the ear. The customary resistance 
coils are replaced by Curtis Coils since these are wound for annulment 
of inductance and capacity. The dial decade type, a more recent form 
than the one used in these experiments is better because of the ease and 
convenience of manipulation. They also have as great a range and are 
better because the resistance can be increased by unit increments. At- 
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tention is drawn to the necessity of using the extended coils of the bridge 
if a greater accuracy than .05 of 1% is desired. It is preferable to use a 
bridge wire of rather low resistance as it can stand wear and heavy 
treatment better. It will also hold its calibration more certainly. In 
regard to the electrolytic cells, it may be said that their construction is of 
utmost importance. These cells act as capacities and to balance this, a 
condenser must be put in across the resistance in the adjacent arm. Cells 
with platinized electrodes are necessary ahen working with a frequency 
of 60 cycles per second. Too much attention cannot be given to the detail 
of maintaining a water bath at a constant temperature. A Freas water 
thermostat which is accurate to .002 of a degree is efficient for this work. 

A method for operating the apparatus described in this paper is sug- 
gested and a few experiments added, to show the degree of precision ob- 
tained. This apparatus has proyen efficient in our hands, and a measure- 
ment can be made quickly and easily. Besides this, the results show a 
high degree of precision. 
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THE FREEZING POINT METHOD AS A NEW MEANS OF MEASTR- 
ING THE CONCENTRATION OF THE SOIL SOLU- 
TION DIRECTLY IN THE SOIL. 


— 


Technical Bulletin No. 24. 


BY GEORGE J. BOUYOUCOS AND M. M. McCOOL. 


INTRODUCTION. 


A definite knowledge of the concentration of the soil solution as it 
actually exists in the soil, under all conditions, including variation in 
moisture content, tillage, fertilizer treatment, season, etc., is of the 
greatest importance and highest interest from all standpoints—the 
chemical, physical, physiological, and biological. At present, the exact 
concentration of the natural soil solution under all the conditions 
enumerated above is not known, as there has been no method capable of 
executing a direct measurement of its magnitude. . 

In the present bulletin there is presented the freezing point method 
as a new method capable of measuring the concentration of the soil 
solution directly in the soil under a variety of conditions, and some of 
the experimental data obtained. . 


4 REVIEW OF PREVIOUS METHODS. 


4 

A. large number of methods have been used to ascertain the concen- 
tration of the natural soil solution, but nearly all of them are based: 
upon the general principle of extracting or isolating the solution from 
the soil and measuring its concentration, besides other properties. The 
one method most extensively employed is that developed by Whitney 
and Cameron, (1), and consists of mixing 100 parts of soil with 500 
parts of water, stirring the mixture vigorously for 3 minutes, allowing 
it to stand 20 minutes, and filtering the supernatant liquid through 
Chamberland-Pasteur filters under pressure. The results obtained by this 
method led Whitney and Cameron to advance the theory that the soluble 
mineral matter of the soils produces in general a saturated or nearly 
“saturated solution in the soil moisture; that the magnitude of concen- 
tration of this soil solution is the same for practically all soils; and, 
that it is generally low, but sufficiently high for the growth and develop- 
ment of crops. 

By employing the same method, other investigators haye obtained 
different results and have arrived at different conclusions from those 
of Whitney and Cameron. One of the most extensive investigations 
upon the subject is that of King. (2). The results he obtained show 
that the amount of water-soluble material recovered in the water ex- 
tract is large, and differs very widely in the various soils, and that the 


@) Bul. 22, Bureau of Soils, U. S. Dept. of Agr., 1903. 
(2) Bul. 26, Bureau of Soils, U. S. Dept. of Agr., 1905. 
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soils which produced the largest yields of crops or received application 
of fertilizers gave the largest amount of soluble material in the aqueous 
extracts. 

More recently, Hall, (3), et al., obtained results with the Rothamsted 
soils which agree in general with those of King. These investigators 
prepared artificial water extracts from certain Rothamsted experiment 
plots on which wheat and barley had been grown for 60 years and had 
received different manure treatment, by mixing 20 kgms. of dry soil 
with 30 kgms. of water. The results they obtained show that the concen- 
tration and composition of the soil solution are not constant but vary 
significantly in accordance with the composition of the soil, and its 
past manurial history. 

This method, therefore, has apparently not only failed to give con- 
cordant results as to the concentration of the extract in the different 
soils, but also it tells nothing as to the exact concentration of the true 
solution of the soil. The addition of the water to the soil not only 
dilutes the natural soil solution, but also may cause a dissolving action 
upon the minerals, a suspension of the hydrosols, a dialysis of sub- 
stances absorbed by hydrogels, etc. 

Various investigators have attempted to obtain information regard- 
ing the concentration and composition of the soil solution by collecting 
and analyzing the drainage water of the soil. This method, however, 
is not only open to all the above objections, but also to the additional 
one that the drainage water may percolate through the spaces between 
the particles and may not come in complete intimate contact with the 
film of water around and in the soil particles, and since the processes 
of diffusion are slow, the drainage water may not be a true representa- 
tive of the natural solution existing in the soil. 

On account of the above objections to using water in isolating the 
natural soil solution, some investigators have tried to extract it di- 
rectly from the soil by mechanical means. Two different methods have 
been employed to accomplish this purpose, namely, the centrifuge, and 
the paraffin oil. The centrifuge method has been developed and employed 
by Briggs, (4), and consists of whirling whetted soils in a rapidly re- 
volving centrifuge fitted with concentric cylinders, the middle one hav- 
ing fine perforations, and developing a force equivalent, on the average, 
to 3,000 times the attraction of gravity. The soil solution is thrown 
out through the perforations and coHects in the spaces between the per- 
forated middle cylinder and outer cylinder. It collects usually as a 
perfectly clear solution, requiring no filtration. The results yielded by this 
method, however, have not been entirely satisfactory, owing: (1), to the 
small quantity of the soil solution obtainable at a time for analysis; 
(2), the liquid obtained is the excess or free water thrown out from the 
saturated soil and may not possess exactly the same concentration and 
composition as the film water remaining. That the concentration of 
the solution obtained might not be and prebably could not be absolutely 
the same as the entire moisture of the soil, seems to be suggested by 
the following considerations: If the solution is not saturated or in 
equilibrium with the soil components, then the hee which are in in- 


() Jour. Agr. Sci. 6, 1914. 
(4) Buls. 22 and 31, "Bureau of Soils, U. S. Dept. of Agr., 1905 and 1906 respectively. 
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timate contact with the surfaces of the soil grains would be more con- 
centrated at any given time than the capillary or interstitial water, 
due to the slow rate of diffusion, and if only the interstitial water is 
extracted then the concentration of the extract would be less than that 
of the entire moisture existing in the soil. Furthermore, since the soil 
is a mixture of different minerals and the rate of diffusion is extremely 
slow, especially in the soil system, the different mineral particles would 
have films of different concentration, and if not all of these films are 
extracted or truly represented in the extract, the latter, of course, 
would not possess exactly the same concentration as the entire soil 
moisture. Again, due to the phenomenon of adsorbtion it has been sug- 
gested that that portion of the moisture immediately at the surface of 
the particles is more concentrated than the bulk of the solution. Whether 
or not this last concept is true cannot be proved; but it would seem 
that when a substance, be it liquid or solid, is adsorbed, becomes inop- 
erative or inactive. (3). There is no excellent reason to believe that 
the solution obtained from a saturated soil will have both the same 
concentration and composition as the moisture of the soil short of 
saturation. 

The paraffin oil method consists of replacing the excess of soil water 
with paraffin oil under pressure or suction. This method has been de- 
veloped by Van Suchtelen and Itano (5), and Morgan (6), and is a 
modification of Ischerekov’s method, (7), wherein he employed alcohol. 
Although a complete report of the results obtained by this method has 
not yet appeared, it would appear, however, from many theoretical 
principles as well as from some preliminary data already published 
(6), that this method is capable of extracting only a limited amount of 
the soil solution present in the soil and especially in the heavy types 
of soil and, consequently is open practically to the same objections 
as the centrifuge method. 

From the foregoing brief exposition of the different methods now in 
vogue for studying the soil solution, it becomes very obvious that none 
of them is capable of furnishing definite information, either as to the 
actual concentration or composition of the natural soil solution as it 
exists in the soil under different conditions, including variation in 
moisture content, season, tillage, fertilizer treatment, etc. Nor does it 
seem possible or hopeful that they will ever be able to attain this object 
so long as their principle is based upon isolating the natural soil solu- 
tion from the soil. From mechanical principles alone it would seem 
hopeless to expect to ever execute a complete separation between liquid 
and solid phases of the soil, or even a partial separation at the lower 
magnitudes of water content. 

The next logical course that would suggest itself for obtaining a 
more definite information, either as to the actual concentration or com- 
position of the natural soil solution, is to study the latter in the soil 
itself. Such study should give all the information desired and ought 
to be devoid of all the objections applicable to the other methods. Any 
method, therefore, capable of furnishing such definite information, either 
as to the concentration or composition, or both, of the natural soil solu- 

(5) Journal f. Landw. Band 60. Seite 369-370, 1912. 


(8) Michigan Board of Agriculture Reports, 1913, p. 149, and 1914 p. 210, 
(7) Russian Journal f. Landw. 8, 1907, No. 2 147-66. 
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tion under all circumstances, would be of the greatest service. From 
theoretical considerations, however, probably no method could ever be 
expected to ascertain directly the composition of the natural soil solu- 
tion in the soil, but it might, the concentration. 

A method now in vogue, which would seem at the outset of being 
capable of measuring the concentration of the natural soil solution in 
the soil, is the electrical bridge, as developed by the U. S. Bureau of 
Soils, (8), for the determination of soluble salts in soils. The principle 
of this method is dependent upon the fact that the electric current is 
conducted by the salt solution or its ions, and the conduction of the 
solution or conversely, its resistance to the passage of the current, being 
determined largely by its concentration. 

Unfortunately, the general utility of this method in soil work is 
very much limited owing to the large number of factors involved in the 
soil medium which influence the conductivity of the electric current. 
It has been found, for instance, that the fine particles of the soil in- 
crease the resistance, due undoubtedly to the lengthening of the path 
between the electrodes by the increase in curvature of the grains. The 
resistance is also influenced by the thinness of the water films. These 
water films lose the properties of liquid in mass when they become too 
thin, and together with the capillary spaces in the soil, offer a greater 
resistance to the electric current. Furthermore, it has been found that 
the presence of carbonates and organic matter also materially increase 
the resistance of the soil solution in the soil. 

From these facts, it is evident, then, that the electrical bridge can- 
not be used to ascertain the concentration of the soil solution with 
much reliance; this is not only true with soil short of saturation, but | 
also with saturated soils. Hence, some other method is needed to 
measure the concentration of the soil solution in the soil. 


THE FREEZING POINT METHOD AS A NEW MEANS. 


In conducting a thorough investigation on the general subject of soil 
temperature at this Station, the influence of soluble salts on the lower- 
ing of the freezing point of soils was also studied. It was observed 
that the phenomena of supercooling and freezing behave in moist soils 
exactly the same way as in solutions. These facts suggested at once the 
idea that the freezing point method might be employed to measure the 
concentration of the natural soil solution in the soil itself. In order 
to ascertain whether or not this could possibly be done, a series of pre- 
liminary experiments was instituted, using different classes of soil with 
various moisture contents or known concentrations of solutian. The 
procedure consisted of placing a short column of soil in a narrow glass 
tube, inserting the bulb of the thermometer in this column of soil, allow- 
ing the soil mass to supercool and moving the thermometer in the soil 
to start solidification. It was discovered that the freezing point lower- 
ing of the soil solution in the soil, could be determined with great 
ease. Solidification could be started when the soil mass was super- 
cooled to only about 0.3°C by simply moving the thermometer slightly 
in the soil. The lowering of the freezing point could be determined in 
soils from any maximum moisture content down to or below the wilt- 


(*) Buls. 8 and 16, Bur. of Soils, U. S. Dept. of Agr., 1897 and 1910 respectively. 
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ing coefficient of plants. In the case of quartz sand, for instance, the 
lowering of the freezing point could be measured when the moisture 
content was only 0.7%. 

In every respect, therefore, the method appeared so promising from 
these preliminary trials of being capable of measuring the concentration 
of the real soil solution, that a more thorough investigation was in- 
stituted, employing a greater number of soils at different moisture con- 
tents and treating some of the soils with a large number of chemical 
compounds of the same concentration in order to ascertain what effect 
the application of soluble salts has upon the concentration of the soil 
solution. The results obtained are in many respects very remarkable 
and unexpected and promise to give us a better understanding of the 
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fundamental principles governing the soil solution. In the following 
pages, therefore, there are presented a complete description of the 
method and the experimental data obtained. 


DESCRIPTION OF THE METHOD. 


The lowering of the freezing point of soils and consequently the 
concentration of their solution were determined by the use of the Beck- 
mann apparatus with certain modifications. The complete apparatus 
employed is shown in Figure 1. A is the Beckmann thermometer. Its 
whole scale is composed of only 5.860°C. Each degree is divided di- 
rectly into 100 parts, and with the assistance of a pair of lenses, the 
readings can be made to .001°C. B is a glass tube 1 inch in diameter 
and 9 inches long, and contains the soil. The thermometer passes 
through a rubber stopper at the mouth of the tube and its bulb is in- 
serted in the soil column until it is entirely covered. The tube B passes 
through a rubber stopper into the wider glass tube, C, which is 1.5 
inches in diameter and 6 inches long, and acts as an air jacket to pre- 
vent rapid cooling or radiation from the soil by preventing it from 
coming in intimate contact with the cooling mixture contained in the 
battery jar, D. In order to reduce as much heat ratiation as possible 
from the cooling mixture and thus keep its temperature more con- 
stant, the battery jar is placed in a small wooden box and packed around 
with excelsior. The wooden box, having a hole at the bottom, allowed 
to drain into the pan, E, any water that might have fallen into it dur- 
ing the operation of filling the battery jar with the ice and water. F 
is a common thermometer which indicates the temperature of the cool- 
ing bath. 

For performing a freezing point determination the following proced- 
ure was always followed. The battery jar was filled with crushed ice. - 
To this ice was added some water and sufficient salt, usually NaCl, 
to produce a temperature of about —4.5°C. The Beckmann thermometer 
was set so that the mercury thread would come to rest towards the 
upper part of the scale when the bulb was held in the mixture of pure 
ice and distilled water, and then calibrated with distilled water. The 
freezing point of distilled water was taken as zero, and the lowering of the 
freezing of soils was obtained by getting the difference between the freez- 
ing point reading of the distilled water and that of the soil. The freez- 
ing point reading of the soil was determined by placing about one inch 
column of soil in the glass tube, and then ‘inserting the bulb of the 
thermometer into this column of soil until it was completely covered. 
The tube containing the soil and the thermometer was placed into the 
air jacket and allowed to cool in the cooling bath. The temperature 
of the soil was allowed to fall until it was about 1°C lower than the 
freezing point of the soil, i. e., supercooled. In order to start solidifi- 
cation, the soil tube was held firmly with the left hand near its mouth, 
and with the right hand, the thermometer was moved or rotated toward 
and away from the operator, until the temperature began to rise. The 
temperature was allowed to rise until it came to rest at a certain point 
on the scale and remained at that point for some length of time. This 
maximum temperature attained was considered as the proper freezing 
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point of the soil and recorded. The thermometer was always tapped 
before taking the final reading. 

It was discovered very soon at the beginning that it required a very 
long time for the soil to cool in the air jacket, owing to the poor heat 
conductivity of the air in the jacket. It was finally decided to hasten 
the process by bringing the tube containing the soil and the _ ther- 
mometer in intimate contact with the cooling mixture and allowing 
the soil mass to cool to about 5°C above the freezing point of water, 
or until there was only a small amount of mercury at the upper part 
of the reservoir, arid then taking out the soil tube from the cooling 
mixture and inserting it at once into the air jacket and letting the 
soil mass to cool slowly. This procedure, however, was generally success- 
ful when the soils contained a high moisture content, but not when 
they had a low water content. In the latter case solidification would 
commence before supercooling had taken place and the proper lowering 
of the freezing point could not, of course, be determined. The plan, 
therefore, was modified, and in its final form consisted of cooling the 
soil directly in the cooling mixture until all the mercury had left the 
reservoir and then taking that portion of the tube containing the soil 
between the palm of the hand and warming it until the mercury thread 
began to rise again. The tube was then placed into the air jacket in 
the cooling bath and allowed the soil to cool gradually. The process of 
warming the soil slightly after it was taken from the cooling mixture 
proved a great success as it almost always prevented the occurence of 
solidification before supercooling had taken place. With the above plan in 
its final form, therefore, the time required for making a freezing point 
determination was reduced about 60%, and as many as 30 freezing 
point determinations have been made in one day—S8 hours. 

For taking off the initial excess of heat from the soil system it was 
found convenient to employ a second battery jar containing a cooling 
mixture of the same temperature as the first. 

It was found very essential to allow the soil to supercool to about 1°C 
below its freezing point, although solidification could be induced at 
the supercooling of only about 0.3°C, in order to obtain quicker and 
more accurate readings. By supercooling the soil to about 1°C, suffi- 
cient solid or crystal ice of the pure soil water is immediately sepa- 
‘rated to warm the soil system quickly up to its proper freezing point. 
If the amount of the supercooling is small, the separation of the solvent 
is very slow, the thermometer comes to rest only very slowly, and the 
readings obtained are not accurate, especially with soils of low moisture 
content. 

On the other hand, too much supercooling is also a source of error, 
and especially if the soil solution is highly concentrated. The freez- 
ing point of a solution is the temperature at which ice and solution exist 
in equilibrium. Upon freezing, pure water separates in the solid phase, 
and the liquid which remains, and whose temperature in equilibrium 
with the mass of the ice crystals, is read from the thermometer, is not 
the same, but more concentrated than the original solution. In con- 
sequence, the observed depression of the freezing point is lower than 
the true lowering of the freezing point of the solution under investi- 
gation. The amount of solid solvent formed depends upon the amount 
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of supercooling and the heat of solidification of the solvent, which is 
obviously equal to its heat of fusion. The greater the undercooling, 
therefore, and the larger the amount of ice that will separate at the 
moment of freezing, the greater will be the concentration of the remain- 
ing solution, and, consequently, the larger will be the error on the 
lowering of the freezing point. In order to compensate for this source 
of error as much as possible, a correction may be introduced. Let u 
be the undercooling of the solution in degrees, s, the specific heat of 
the liquid, and 1, the latent heat of fusion of unit weight of the solvent; 
su 
then, — = f, where f is the amount by which the solution will be con 
1 | 
centrated, due to the separation of ice. 

While this formula may be applicable in case of solutions in mass, 
it was not considered to be so in soils, and consequently it was not 
employed in the final determination of the lowering of the freezing 
point of soils. The error arising from this source, however, is not 
great enough to affect the results very appreciably considering the 
amount of undercooling employed. 

The length of time at which the mercury column remained at the 
proper freezing point seems to be inversely proportional to the con- 
centration of the soil solution. This phenomenon is, of course, due to 
the separation of the solid solvent which causes the solution to become 
more concentrated and lowers its freezing point. When the soil solu- 
tion is very dilute, the relative mass of pure water is large, and the 
time required for all of it to freeze in the solid phase so that the freez- 
ing point may sink, is very long. Hence, the real freezing point re- 
mains at its place a long time. When the soil solution is concentrated. 
however, the relative mass of the pure solvent is not large, and a small 
quantity of ice separated, concentrates the mass of the solution and 
lowers the freezing point, hence, the length of period during which the 
actual freezing point remains at its place, is short. The time varies 
from several minutes, in the soil with high moisture content, to less 
than a minute in the soil with a very low water content. 

It has already been stated that the temperature of the cooling bath 
was maintained at about —4.5°C. It was found that if the temperature 
was lower than this the rate of cooling of the soil mass would be too 
rapid and solidification would commence before supercooling had oc- 
curred. The temperature then would descend very slowly and the 
proper lowering of the freezing point could not be determined ac- 
curately. On the other hand, if the temperature was less than —4.5° 
the soil mass would cool very slowly, and consequently, would take 
much longer to make a freezing point determination. 

From theoretical reasons, a too low temperature in the cooling bath 
involves an error in the final reading owing to the radiation and con- 
duction of heat from the soil. The greater the difference in tempera- 
ture between that of the soil system and the cooling bath the greater 
is the amount of radiation from the soil and consequently the lowering 
of the freezing point will be slightly greater. The amount of error 
arising from this source, however, is also very small. 

As previously mentioned, the lowering of the freezing point of soils 
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could be measured from any maximum water content down to a very 
low water content, probably lower than at the wilting coefficient of 
plants. Below this last lower limit, solidification could not be induced 
very readily. At the high moisture content duplicate determinations of 
the same sample would agree exactly with one another, or vary only a 
few thousandths of a degree. At the low moisture content, however, the 
duplicate determinations of the same sample would agree only with 
some soils, such as the quartz sand-and sandy soils, but with other soils, 
such as the clay and loam, the variation would be considerable, but 
always consistent, namely, the first lowering of the freezing point was 
always greater than the second. The duplicate determination of differ- 
ent samples of the same soil, however, would agree very closely, even 
with the latter soils. The probable reason for the change or decrease 
in the lowering of the freezing point with successive freezings in the 
case of colloidal soils at low moisture content will be offered subse- 
quently. 

Great care was always exercised to secure as uniform moisture con- 
tent throughout the entire sample of soil under investigation, as possi- 
ble. It was recognized that if some particles of the soil sample were 
not moistened the lowering of the freezing point would be less, because 
not all of the soluble material would be in solution. The soil sample 
short of saturation, therefore, was prepared by passing it through a 
sieve several times and mixing it thoroughly with the fingers. Even 
then, it cannot be said that all of the soil grains were moistened exactly 
to the same extent, but if they were all sufficiently moist so that their 
film would freeze upon supercooling then the freezing point depression 
observed would be an average of the lowering of the freezing of the 
various particles. The soil samples which contained high moisture con- 
tents and could not be passed through the sieve, especially if they con- 
sisted of the colloidal types, were thoroughly worked with the fingers. 
Great precaution was taken, of course, to have the latter thoroughly 
clean. There is some danger of salts being added to the soil through 
perspiration of the fingers, but the amount would be so insignificant that 
it could never be detected by the method. 

It was feared at the outset that on account of the compressability 
of the mercury bulb great errors might be caused by the expansion of 
the soil upon freezing. A thorough examination of this point, however, 
proved that an error might arise from this source only when the soil 
in the tube was extremely compacted, but otherwise there is none. To 
guard against any possibility of error of this nature, however, the soil 
in the tube was only slightly compacted and the bulb of the ther- 
mometer was always moved in the soil at the beginning so that it would 
be loose. 

In calibrating the thermometer with distilled water and attempting 
to keep it at that set point for several days, it was found that it would 
not remain the same, but would change. This change was not always 
in the same direction, but varied in both directions. In examining 
several treatises on thermometry, no mention was made of this fact, 
and could not be accounted for at the beginning of the investigation. 
It was soon discovered, however, that it was caused by the difference 
in temperature of the room in which the thermometer was calibrated 
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at the different days. Thus if the room temperature was 20° on one 
day and 25° on another day the freezing point of the same distilled 
water would be different and indeed the reading on the thermometer 
would be greater at the highest temperature. When the room tempera- 
ture, however, remained unchanged, exactly the same freezing point 
of the distilled water would be obtained every day for a long time. 
Evidently the room temperature influences the exposed mercury column. 
This effect, however, is not the same as that due to the emergent col- 
umn. The magnitude of the change depends upon the difference in the 
temperature. Preliminary experiments showed that a temperature dif- 
ference of + 10°C caused a change of + .020°C on the freezing point 
of water. If it is desired to save time by not calibrating the ther- 
mometer too often a correction such as the above could be worked out 
and applied to the readings obtained. In the present investigation, 
however, the room temperature remained quite constant and it was 
not necessary to apply a correction. 


EXPERIMENTAL DATA. 


The Lowering of the Freezing Point of Soils at Different Moisture 
Contents; and under Other Conditions. 


In accordance with the foregoing method and the necessary precau- 
tions mentioned, the lowering of the freezing point of a large number 
of soils was determined. In the present paper, however, only the re- 
sults of typical representatives of diverse classes of soil are presented 
with the view of showing mainly the character of results that this 
method yields. All the soils employed, with the exception of quartz 
sand and kalolin, were taken from the field and were consequently in 
the natural state. Since preliminary trials showed that the lowering 
of the freezing point varied with the moisture content, it was decided 
to measure the former in each soil at two different moisture contents, 
low and high. These two different degrees of water content were arbi- 
trarily chosen for purposes of comparison, and are not exactly equiv- 
alent for the various types of soil. The low moisture content does not 
indicate the lowest limit at which solidification would occur, for in 
many of the soils the water content could well have been reduced con; 
siderably more, but at this low degree of water content the solidifi- 
cation could be induced very readily and the readings could be abso- 
lutely depended upon. The high moisture content may be taken to 
represent the point of saturation. In order to secure these two extreme 
and opposite degrees of water content, water was either added to the 
soil, if it was not already saturated when taken from the field, or with- 
drawn from it by spreading it in a thin layer and allowing it to lose 
water until the desired moisture content was reached. In many cases 
the soil as taken from the field was sufficiently dry to be used imme- 
diately for the freezing point determination. The majority of the soils 
presented in Table 1 were collected in the vicinity of this College, a few 
were sent in from other counties of the State, and they all constitute 
the upper 6-inch layer of the field. 


In order to obtain an idea as to the magnitude of concentration and 
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osmotic pressure that the depressions of the freezing point represent 
at the opposite extreme moisture contents, the values of both of these 
factors have been calculated and are presented together with their re- 
spective depressions of the freezing point. The concentration is ex- 
pressed in parts per million of solution and was calculated directly from 
soil water extracts and not from any particular pure chemical com- 
pound or combinations therefrom. The procedure for accomplishing 
this consisted of mixing a large amount of soil with a small quantity 
of water, allowing the mixture to stand for about two days with oc- 
casional stirring, and then filtering the solution through a filter paper. 
A portion of this solution was used to measure its lowering of the freez- 
ing point and the remainder was employed to determine its total solid 
matter by evaporating a definite volume of it to dryness and weighing the - 
residue. From the freezing point depression of the extract and its cor- 
responding amount of solid material present, the concentration in p. 
p. m. of solution that might be represented by the values of the lowering 
of the freezing point of each soil was calculated. There were three 
different types of soil from which water extracts were made; namely, 
clay, loam and peat. It was found by calculation that 100 p. p. m. of 
solid material in the soil water extract gave the following values 
of the lowering of the freezing point; clay, .0038°, loam 0030°, and 
peat .0031°C. Evidently equal concentration of the water extracts of 
these three different types of soil caused about the same lowering of 
the freezing point. This is extremely interesting in view of the fact that 
on account of the marked difference in the physical and chemical com- 
position of these soil types entirely different results might have been 
expected. On account of this remarkable closeness of the lowering of 
the freezing point for all three soil extracts, an average was taken in 
the computation of the concentration of the soil solution of the various 
soils as represented by their lowering of the freezing point. 

It is readily realized that the foregoing procedure of estimating the 
magnitude of concentration that the various values of the freezing 
point depression might represent is open to many objections, but it is 
believed that it is perhaps the best way of obtaining an idea as to the 
magnitude of this value. 


The osmotic pressure was calculated from a table of osmotic pressures 
as worked out by Harris and Gortner, (9), from the formula 7 = 
12.06A — 0.021A?, where z is the osmotic pressure in atmospheres, 
and A is the lowering of the freezing point in centigrade degrees. For 
convenience and usefulness this table is reproduced herewith. 


(*) Am. Jour. Bot. 1, 75-78, 1914. 
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Table 1. Osmotic Pressure in Atmospheres for Depression of the Freezing Point to 2.999° C. 


A Hundredths of Degrees, Centigrade. 
0 1 2 3 4 5 6 Th 8 9 
0.0 0.000 0.121 0.241 0.362 0.482 0.603 0.724 0.844 0.965 1.085 
0.1 1.206 1.327 1.447 1.458 1.688 1.809 1.930 2.050 2.171 2.291 
0.2 2.412 2.532 2.652 2.772 2.893 3.014 3.134 3.255 3.375 3.496 
0.3 3.616 BOA 3.857 3.978 4.098 4.219 4.339 4.459 | 4.580 4.700 
0.4 | 4.821 4.941 5.062 5.182 5.302 5.423 5.543 5.664 5.784 5.904 
0.5 6.025 6.145 6.266 6.386 6.506 6.628 6.747 6.867 6.988 7.108 
0.6 7.229 7.349 7.469 7.590 7.710 7.830 7.951 8.071 8.191 8.312 
0.7 8.432 8.552 8.672 8.793 8.913 9.033 9.154 9.274 9.394 9.514 
0.8 9.635 Cp 7Aas) 9.875 9.995 | 10.12 10.24 10.36 10.48 10.60 10.72 
0.9 | 10.84 10.96 11.08 11.20 132 11.44 11.56 11.68 11.80 11.92 
1.0 | 12.04 12.16 12.28 12.40 12.52 12.64 12.76 12.88 13.00 13.12 
1.1 | 18.24 13.36 13.48 13.60 13.72 13.84 13.96 14.08 14.20 14.32 
1.2 | 14.44 14.56 14.68 14.80 14.92 15.04 15.16 15.28 15.40 15.52 
1.3 | 15.64 15.76 15.88 16.00 16.12 16.24 16.36 16.48 16.60 16.72 
1.4 | 16.84 16.96 17.08 17.20 17.32 17.44 L756 17.68 | 17.80 17.92 
1.5 | 18.04 18.16 18.28 18.40 18.52 18.64 18.76 18.88 19.00 19.12 
1.6 | 19.24 19.36 19.48 19.60 19.72 19.84 19.96 20.08 20.20 20.32 
1.7 | 20.44 20.56 20.68 20.80 20.92 21.04 21.16 21.28 | 21.40 CAL EP) 
1.8 | 21.64 21.76 21.88 22.00 22512 22.24 22.36 22.48 22.60 22072 
1.9 | 22.84 22.96 23.08 23.20 23 .82 23.44 23.56 23.68 23.80 23.92 
2.0 | 24.04 24.16 24.28 24.40 24.52 24.63 24.75 24.87 24.99 25.11 
2.1 | 25.23 25.35 25.47 25.59 25.71 25.83 25.95 26.07 26.19 26.31 
2.2 | 26.43 26.55 26.67 26.79 26.91 27.03 27.15 21 27 27.39 27.51 
223 1 \\ 20.68 (|) 2775 25 .87 27.99 28.11 28.23 28.34 28.46 28.58 28.70 
2.4 | 28.82 28.94 29.06 29.18 29.30 29.42 ! 29.54 29.66 29.78 29.90 
2.5 | 30.02 30.14 30.26 30.38 30.50 30.62 30.74 30.86 30.98 31.09 
2.6 | 31.21 dilnoo 31.45 357 31.69 31.81 31.93 32.05 32.17 32.29 
2.7 | 32.41 32.53 32.65 32.77 32.89 33.00 33.138 33.25 33.36 33.48 
2.8 | 33.60 33.72 33.84 33.96 34.08 34.20 34.31 34.43 34.56 34.68 
2.9 | 34.79 34.91 35.04 35.16 35.27 35.39 35.51 35.63 35.75 35.87 


The osmotic pressures corresponding to depressions of hundredths of 
degrees may be read directly from the table. Furthermore, for all 
practical purposes the first differences x 0.1 may be taken as 0.012, 
hence, pressures when A is read to thousandths of a degree may be at 
once determined. Thus. suppose A to be 1.224°. For A = 1.24° pres- 
Sure = 14.92”. 14.92 (4 x 0.012) = 14.968. 


The lowering of the freezing point of various types of soils, then, at 
two different moisture contents, together with the calculated concen- 
tration in p. p. m. of solution and osmotic pressure in atmospheres 


that these values of the freezing point depression might represent, are 
shown in Table 2. 
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From a careful examination and consideration of the above results 
it will at once be recognized that they are extremely unusual and indeed 
almost incredible, in view of the present ideas concerning the soil solu- 
tion. They show, for example, that at the high moisture content, the 
lowering of the freezing point and consequently the concentration, are 
very small and only slightly different for the various classes of soil, but 
at the low moisture content, the lowering of the freezing point and con- 
sequently also the concentration, are extraordinarily high and very differ- 
ent for the same classes of soil as above. Thus, at the high water content, 
the magnitude of the lowering of the freezing point varies from .003°C 
in case of the peat, to 0.050°C in humus loam, but the mean for the 
majority of the soils is around 0.010° and 0.020°C. At the low moisture 
content, however, the magnitude of the depression varies from 0.070°C 
in the case of washed quartz sand of medium texture, to 0.955°C in 
medium heavy clay, and tends to increase’ from soils composed mainly 
of pure silica, to soils containing complex aluminum-silicates and or- 
ganic matter. 

These values of the freezing point depression at the low moisture con- 
tent would have been still greater had the moisture content been farther 
lowered. It is to be noted, however, that with some soils, the lowering 
of the freezing point could not be much more increased with further 
reduction in water content because they have approached the point of 
dryness. Thus, the quartz sand and one of the sandy soils contain only 
1.5 and 2.6% of water, respectively. While many of the clays and clay 
loams contain as much as 20% and one of the peats, 138.97% moisture. 
Yet, when the quartz sand and sandy soils have reached the point of 
dryness, their maximum lowering of the freezing point is only about 
0.100°C, while that of the clays and clay loams, whose moisture content 
is more than enough to saturate these sandy soils, give a lowering of 
the freezing point close to 1.000°C, or ten times greater. 


The concentration that the lowering of the freezing point at the low 
moisture content of the more complex soils represents, is really tre- 
mendous. Thus, the depression of .935°C in one of the clay soils repre- 
sents a concentration, as calculated by the method already described, of 
28,940 p. p. m. and an osmotic pressure of 12.04 atmospheres. These 
great magnitudes of concentration and osmotic pressure of clay are 
typical examples of all the complex types of soils investigated. In the 
simple types of soils, however, as typified by quartz sand, the corres- 
ponding depression of .070°C indicates a concentration of only 2121 p. 
p. m. and an osmotic pressure of 0.800 atmospheres. 

On the other hand, the concentration that the depression of the freez- 
ing point of all the soils represents at the high moisture content, is 
comparatively low, averaging about 600 p. p. m. for the majority of 
the complex soils and about 300 p. p. m. for the simple soils, with an 
osmotic pressure of .350 and .150 atmospheres, respectively. 

A further examination of Table 2 also reveals the remarkable fact 
that the lowering of the freezing point increases in all the soils, with 
the exception of quartz sand, at a far greater rate than the percentage 
of water decreases. In other words, the ratio of the lowering of the 
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freezing point and of the water content are not inversely proportional, 
(approximately), to each other as might be expected, except only in 
quartz sand. Thus, clay at 36.5% of moisture gave a depression of 
084°C, and at 18.80%, .955°C, the ratio of the percentage of water at 
the two moisture contents is only 1.94, while that of the depression of 
the freezing point is 27.11. A sandy loam, which at 21.53% of water 
gave a depression of .020°C, and at 8.30%, .450°C, shows a ratio of 
2.55 in percentage of water to 22.5 in the lowering of the freezing point. 
In the case of quartz sand, however, the ratio of the depression is di- 
rectly inversely proportional to the water content. Thus, at 1.5% of 
water content the depression is .070°C and at 15% it is .007°C, the 
inverse ratio, therefore, being 10 to 10, respectively. 

Apparently, the quartz sand yields different results from all the 
other types of soil and its data can be mathematically expressed by the 
simple equation M.D. — K. where K is a resultant constant, M is the per- 
centage of moisture content and D, the observed depression of the freez- 
ing point. The following table serves to show how close the data of 
the quartz sand follow the above formula: 


Table 3. Lowering of the Freezing Point of Quartz Sand 
at Various Moisture Contents. 


Percentage Observed 

of lowering of the Cone raae 
moisture. freezing point. ¢ 

| 

5 .070 | mLOs 

BF eh .026 .0962 

lax .012 .0920 

15.0 .007 105 


The last column to the right contains the value or constant ob- 
tained by multiplying the percentage of moisture by the observed lower- 
ing of the freezing point. It will be noted that the constant K is prac- 
tically the same at all moisture contents, which goes to prove that 
the data of the quartz sand follow the foregoing mathematical formula 
remarkably close. 

The same constant is obtained even when the quartz sand is treated 
with a salt solution and allowed to dry and then determining its de- 
pression at different moisture contents. 


The question now rises, do the results of the other types of soil also 
follow some mathematical law, i. e., are they expressable mathematical- 
ly? In order to obtain definite data upon this point the lowering of 
the freezing point of a large number of soils was determined at various 
moisture contents. The procedure consisted of allowing the soils to 
become air dry and then adding different quantities of water to the same 
amount of soil, allowing the mixture to stand in a moist atmosphere at 
room temperature for about 24 hours and then determining its lower- 
ing of the freezing point. The moisture content varied from very low 
to very high. Great precaution was taken to moisten the whole mass 
of each sample very uniformly. Several types of soil were used for 


EXPERIMENT STATION BULLETINS. 607 


this study, but in Table 4 the results of only a sandy loam, humus loam, 
silt loam, and clay are presented, which suffice to illustrate the general 
principle. These results are graphically illustrated by Figure 2. 
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Fig. 2. Curves showing the increase in the lowering of the freezing point of soil with the decrease 
in moisture content. 
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Table 4. Lowering of the Freezing Point of Various Types of Soil at Different Moisture Contents. 


Silt Loam. 


| 
Clay. | 
| = 
Observed | Calculated | Observed Calculated 
Percentage lowering lowering || Percentage . lowering lowering 
of of the of the | of of the | of the 
moisture. freezing freezing moisture. freezing freezing 
point. point. || point. point. 
18 922 16 860 | 
20 580 6242 | 18 | 560 6880 
22 307 3916 \| 20 350 4480 
24 212 2078 22 200 2800 
26 127 1435 24 095 | 1600 
28 082 0859 26 076 0760 
30 062 0555 28 071 0608 
32 042 0419 30 060 0568 
34 034 BA = illfiinydea te btespcee eeie. #0 unaie une pelle tae seshote nal tae ements 
Humus Loam. Sandy Loam. 
14 D200 A hnvejets eas ecahs ee 70 7.0 «390: © | \c. 6s Bite eeeterereee = 
18 .760 . 7888 9.0 220 -2925 
22 420 4995 11.0 130 -1650 
26 245 2761 | 13.0 087 .0975 
30 140 .1610 | 15.0 065 .0642 
34 089 .0920 UA) 040 0487 
38 0585 0585 | 19.0 030 .0300 
ahaa ahcuere 1s secteuaueeai] Gala eieuele te etaae sar euatal| lavsubee Rau CNN teu saree | 21.0 025 .0225 


The lowering of the freezing point at the different moisture contents 
is shown in the second column of each soil. These results also follow 
a mathematical law and indeed the geometric progression law, i. e., the 
lowering of the freezing increases in a geometric progression, while 
the percentage of water decreases in an arithmetic progression. The 
agreement between the observed and calculated values of the lowering 
of the freezing point is remarkably close,—considering the na- 
ture of the soil medium—as shown by the last two columns 
of each soil. The calculated values were obtained by dividing 
one of the observed depressions by the one preceding and multiplying 
the various lowerings of the freezing point by the ratio thus obtained. 
Since the depressions at the higher moisture content are considered to 
be the most accurate they were used for obtaining the ratio or constant. 
Probably it would have been permissible to take an average of all the 
ratios between the different values of the depression and in which case 
the calculated values would be much closer to the observed values. If 
the results then follow the geometric progression law they are express- 
able by the equation D = AR®!, where Dis the depression of the freez- 
ing point, A the first depression, R the ratio of any depression (except 
the first) to the preceding one, and n the number of the depression. 
According to this formula if the lowering of the freezing of a soil is 
determined at two different moisture contents it can be calculated at 
any other moisture content. 

The main facts brought out by the investigation thus far may be 
summarized then, as follows: At low moisture content the lowering 
of the freezing is extraordinarily high and very different for the various 
types of soil, being lowest in the sandy types and highest in the clay 
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types; at high moisture content, however, the lowering of the freezing 
point is relatively very low and only slightly different for the diverse 
classes of soil; in all the different soils with the exception of quartz 
sand, the depression of the freezing point increases in a geometric 
progression as the percentage of moisture decreases in an arithmetic 
progression; in the case of quartz, however, the lowering of the freez- 
ing point increases directly as the moisture content decreases; the 
magnitude of concentration and osmotic pressure that the lowerings of 
the freezing point represent at the low moisture content, are tremend- 
ously high, especially in the complex types of soil, but at the high 
moisture content, they are comparatively very small. 

It will at once be admitted, therefore, that these results are extremely 
unusual and do not harmonize with the present views concerning the 
soil solution. It is almost universally believed, for instance, that the 
soil solution is very dilute, and according to a theory advanced by 
Whitney and Cameron, (10), many years ago, the soil solution is not 
only very dilute, but also, its magnitude of concentration tends to re- 
main constant and to be the same for practically all soils, since it tends to 
be saturated or in equilibrium with the mineral constituents of the soil. 
They based their theory upon the assumption that the mineral sub: 
stances comprising the soil are complex salts with slight solubilities in 
water, and consequently, only small amounts of them would be required 
to go into solution to form a saturated solution. Since the solution is 
saturated in respect to the mineral constituents of the soil, the addition 
of a soluble salt, such as KCl, may not increase the concentration but 
would force back the disociation of the corresponding ions and thus 
maintain a constant concentration of solution. 


Since the discovery of the phenomena ef absorption and adsorption 
of salts by soils it has been suggested, especially by Schloesing; and 
at present very widely believed, that these properties control or regu- 
late the concentration of salts in solution and that the concentration of 
the solution of any given soil tends to remain practically constant. 
This view is well expressed in a recent paper by Bogue, (11). To quote: 
“But, the concentration of the salts in the soil solution tends to remain 
practically constant for any given soil. Thus, for example, if the con- 
centration of potassium in the soil moisture should be lessened by the 
leaching of heavy rains, or the taking up of potassium by the plants, or 
by any other cause, this concentration would quickly be re-established 
by the soil giving up of its absorbed potassium until the constant was 
again reached. Or, if on the other hand, the concentration of potassium 
in the soil solution should be increased as by the application of a 
soluble fertilizer, or by evaporation of the soil moisture, the constant 
would be restored: by the absorption of the excess potassium by the 
soil.” : 

The foregoing results on the lowering of the freezing point, as well 
as other data subsequently to be presented, diametrically oppose the 
above theories. Contrary to both these theories, the concentration of 
the soil solution as indicated by the lowering of the freezing point, does 


(1) Bul. 22, Bureau of Soils, U. S. Dept. of Agr., 1903. 
(1) Jour. Phys. Chem., 19, 665, 1915. 
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not remain constant but varies tremendously, and indeed increases 
greatly with the decrease. in moisture content, so that at a low water 
content the magnitude of the concentration is very great. Further- 
more, the magnitude of concentration at a low moisture content is not 
only not the same for the various types of soil, but it is far greater in 
those classes which would be expected to possess the greatest absorbtive 
power. 

Hence, if either one or both of the above theories are correct, then 
the foregoing results on the lowering of the freezing point do not repre- 
sent actual concentration of solution, but they are influenced by some 
physical force. One of the physical factors which might produce such 
results, it was thought, is the pressure with which the water films are 
held by the soil grains. It is well known, for example, that pressure 
lowers the freezing point of water to the extent as shown by the data 
in Table 5. . 

Table &. Effect of Pressure on the Freezing Point of 


Water. 


Pressure in | Freezing Point of 
Atmospheres. Water Lowered. 
138.888 1.0°C z 
PARTIE 2.0 
416.666 3.0 
555.550 4.0 
694.440 5.0 
13 ,000.000 18-20 


It was reasoned that at the low moisture content the pressure of the 
water films would be greater than at the high moisture content and 
consequently the lowering of the freezing point would be greater in the 
former than in the latter. 

A critical theoretical examination of this hypothesis, however, has 
failed to show that the pressure is the probable cause of the results 
noted. Furthermore, all direct and indirect evidences point overwhelm- 
ingly against it. Some of the evidences against it may be mentioned 
the following: (1). The rate of increase of the lowering of the freez- 
ing point with the decease in moisture content, is practically the same 
from the lowest to the highest moisture content. (2). The washed 
quartz sand which would not be expected to contain a solution of high 
concentration gives a depression of only .070°C at 1.5% moisture con- 
tent or almost at the point of dryness, while clay, which would be ex- 
pected to possess a very highly concentrated solution, gives a lowering 
of the freezing point of .955°C at 18.80% moisture. The clay, at a 
high moisture content where the pressure of the water films would be 
reduced to minimum, gives a_ freezing-point depression many times 
greater than that of the quartz sand at the point of dryness. (3). 
The water which is adsorbed or condensed on the surfaces of the soil 
particles on account of the great pressure probably resulting from the 
adhesive forces, is conceived to be removed from the liquid phase and 
becomes solid like water of crystallization and probably takes no part 
in the freezing, as will subsequently be discussed. 


, 
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There appears to be no other physical factor known to affect the 
freezing point of water. A number of minor possibilities have been 
suggested, but after a careful examination and consideration they all 
have been discarded. 

The conclusion seems to be inevitable, therefore, that the great lower- 
ings of the freezing point noted are caused by and represent actual 
concentration of solution and therefore contradict the foregoing theories 
regarding the constancy and magnitude of concentration of the soil 
solution. 

No definite and proved theory can be offered to explain this apparent 
great increase in concentration of the soil solution with decrease in 
moisture content. The following hypothesis, however, would appear to 
explain the phenomena and is here tentatively offered. 

It is assumed that the soil solution contains salts or their ions, pro- 
duced by the reaction of the dissolved components of the soil minerals, 
hydrolysis of the minerals, application of fertilizers, decomposition of 
organic matter, etc. These salts have as a rule a high solu- 
bility and would require a large amount of them to form a 
saturated solution. They are formed rather slowly and since the fre- 
quent rains, especially in the humid regions, tend to leach them away 
only a relatively small amount of them is present at a time. Ata high 
moisture content these salts are diluted and the lowering of the freez- 
ing is small. As the moisture content, however, is reduced they are 
concentrated and the lowering of the freezing point becomes greater. 
Since these salts are present only in relatively small amounts, they 
do not form a saturated solution, or at least many of them do not. 


A critical consideration of the character of the soil system and a 
thorough examination of the available general data of the soil solution, 
as obtained through soil water extracts, drainage water, etc., lend con: 
siderable support to the above hypothesis. 

A consideration of the soil mass shows that it is a heterogeneous 
mixture composed of solids, gases, and a liquid, and inhabited by living 
organisms. The solid portion, in normal soils, is composed of mineral 
debris and organic matter, from rock and from plant and animal degra- 
dation and decomposition, respectively. Both of these classes of solid 
matter are guadually reduced to the liquid state. The organic matter, 
for instance, mainly through the activities of the living organisms, is 
rendered soluble and many organic and inorganic compounds are form- 
ed, including the nitrates, humic acids, etc. The nitrates may exist 
as NaNO,, Ca(NO,),, Mg(NO,)., etc., depending upon the preponder- 
ance of the base present to unite with the acid. These salts have a 
very high solubility constant and to form a saturated solution a very 
great amount of them is required. Thus, to form a saturated solution 
at 20°C would require -83.7 grams of NaNO,, 31.6 gm. of Mg(NO,).. 
and 54.8 gm. of Ca(NO,)., in 100 gm. of water. It is very doubtful, there- 
fore, whether a normal soil and especially under humid conditions 
ever possesses a saturated solution in respect to these salts. Assuming, 
therefore, that there is a certain amount of nitrate salts in the soil 
solution then it naturally follows that at a high moisture content it is 


612 STATE BOARD OF AGRICULTURE. 


diluted, and, as the percentge of water is reduced, it becomes more con- 
centrated; hence, the lowering of the freezing point would tend to in- 
crease from the high to the low water content. 


The dissolution of the mineral matter is accomplished by the solvent 
action of water aided by the foreign substances that it might be charged 
with, such as acids, bases, and salts. The soil minerals, however, are 
as a rule but slightly soluble and their rate of solution is generally 
very slow, so slow indeed that it requires months and even years, at 
least with certain minerals, to form a saturated solution. Thus, Cam- 
eron and Bell, (12), found that by placing powdered glass, orthoclase, 
albite, and some Podunk fine sandy loam with water in paraffin cylinders 
and rotating them in a constant temperature bath at 27°C for about 
9 weeks, equilibrium was not yet attained. Many if not all of the com- 
mon soil forming materials, however, undergo hydrolysis and thereby in- 
crease their degree and rate of solubility. Their solubility may be further 
increased by the addition of soluble compounds yielding non-common 
ions, or by the reacting with some of the minerals to form new com- 
pounds, or by the dissolved components of the different minerals acting 
upon one another to form new compounds. 


Through these processes of hydrolysis, chemical reaction between ap- 
plied salt and soil mineral, and the reaction of the dissolved components 
of the different minerals, probably there are formed in the soil solution, 

salts of high solubility. 


In the analysis of soil water extracts, drainage waters, atte there 
are found, besides the NO, acid radical, the acid radicals HPO,, SO,, 
HCO,, Cl, SiO,, and the base radicals, Na, Mg, Ca, K, etc. These acids 
and bases could well combine to form such compounds, for instance, as 
CaH,(PO,)., Na,HPO,, K,HPO,, NaHCO,, Mg(HCO,)., CaS0O,, Na.- 
SO,, NaCl, KCl, CaCl,, ete. 

.That such compounds are formed and do exist in the soil solution to 
a more or less extent, can hardly be doubted. Both direct and indirect 
evidences strongly support the assumption. For instance, in those 
regions where the rainfall is small and the amount of leaching is con- 
sequently slight, such as in the arid regions, there is an accumulation 
of soluble salts near or at the surface soil, transported from below by 
the evaporation of the soil water. Such an accumulation of salts is 
designated as alkali conditions. Such alkali conditions would occur 
even in the humid regions were it not for the excessive and frequent 
rains which tend to wash away these soluble salts and thus prevent 
their accumulation. The soluble salts found wherever alkali conditions 
exist vary in number and composition, but in most arid countries the 
chlorides, sulphates, and carbonates of sodium, calcium, and magnesium, 
predominate. Several other salts are generally found but not in large 
amounts. In humid regions there are many cases known where seem- 
ingly alkali conditions exist. Cameron, (11) reports that a soil in 
Maryland near the Maryland Agricultural College contained the follow- 
ing salts in large quantities: NaNO,, KNO.,, Mg(NO,)., Ca(NQO;)., 


(12) Bul. 80, Bureau of Soils, U. 8. Dept. of Agr., 1905. 
(1) Bul. 17, Bureau of Soils, U. S. Dept. of Agr., p. 38,°1901. 


. 


EXPERIMENT STATION BULLETINS. 613 


CaSO,, CaCl,, etc. Stevenson and Brown, (12), have found that there 
are alkali spots in certain areas in Iowa which are composed mainly 
of Ca(HCO,)., Mg(HCO,)., Na.SO,, NaNO,, ete. 

In a very extensive investigation King, (138), found that the amount 
of water-soluble salts in soils was high, and varied with the type of soil, 
the fertility, or manurial treatment it had received, ete. The table 
below shows a typical example as to the magnitude of the salts recover- 
ed in the water extracts by the conventional method. These salts are 
composed of K, Ca, Mg, NO,, HPO,, SO,, HCO,, Cl, and SO,. 


Table 6. Total Salts Recovered from the Surface Foot of Eight Soil Types, 1903. 


Pounds Pounds 
per per 

million of acre of 

dry soil. dry soil. 


PERT LE IROL OLN tse techie fol arsine Giciers ivel we th wiishsnaperalayels ev Gueyornre eles enas ae eas 182.02 654.4 
Sribaer visi aa BOP Tene Bon a) eich craps. Foie OC eater onoiale & Gace nee aCe rORnenn ea PNr TE Lam 226.94 788.6 
EOI OMG SAMO eres oes TN A Cee tee al cian SLAC Eire sercit ene Sd ener eehe eh oie 167 .22 | 599.7 
assatTAs AN Gy vO Al poole toras Upc egae o letaveye ol that Sc Dhaene age tore etna ace oyatoweetohs 199.70 682.3 
LAR ETSL Ow ECO la ya Oil sae reecn ts eit e oie ie ie ole ance aces ea cal ere teveiarawey eee het aie 590.3 1,670.0 
FLAP STSCO WO AIN 33:12) eis el Bians Nyala aes Buus sont pete a one At eee w sieve ble eles ods 532715 1,532.0 
WANIES VAC eUOATE pore Serie h ts oes olen sueeey ices stetel ooyral ote gives a Sofa ttcia ae a6 cates orale a o¥aPekers eLecats 468.19 1,330.00 
VU UTI ORIN eRe. cc Aee eet tater MA GEES SEM aS IAT ce chathe ciemdte Glaseda, cescstarert 419.23 1,301.00 


It will be readily seen that the quantity of soluble salts dissolved into 
the water extract is really high. Of course the investigation does not 
show in what form these compounds exist in the soil, whether in solu- 
tion or in solid form, but readily soluble. If these acids and bases, 
however, unite to form salts which have a high solubility, there is no 
reason to doubt why they should not be in solution. 

In performing leaching experiments various investigators have found 
that the first portion of the water passing through the dry soil always 
contains a far greater concentration than the subsequent leachings. 
The subsequent leachings finally reach a low degree of concentration 
which tends to remain constant. The higher concentration of salts in 
the first washings is attributed by some investigators to the decrease in 
absorbtive power of the soil for the salts, due to the process of drying. 
It could be equally attributed to the presence of readily soluble salts. 

Furthermore, that salts of high solubility may exist in the soil solu- 
tion is further confirmed by the reaction that is conceived to take place 
between the soil and a soluble salt added. Thus, Alx Fex Mgx Nax 
Ca(SiO,)x (H,O)x + 2KCl = Alx Fex Mgx Nax K,(Si0O,)x (H.O) 
+ CaCl,. The CaCl, is assumed to be in solution. 

The evidences, therefore, of the existence of salts of high solubility 
in the soil solution are very strong. The solubilities of some of the 
salts that are likely to occur in the soil solution are shown in 
Table 6. 


(2) Bul. 157, Ia. Agr. Expt. Sta., 1915. 
(3) Bul. 26, Bureau of Soils, U. S. Dept. of Agr., p. 67, 1905. 
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Table 7. Solubility.of Various Salts at 20° C. 


Grams of Salt 
Name of Salt. dissolved in 100 
gm. of water. 
aN A O Jame Meares OP SYR DE NR ler 1 ee ta kd ch oh SRI LOI Re ONO m DiI. OC 83.7 
1G OF eee ar rE Pete Sciaee Sin Tes Co oro re Porro Sib Opicts Sieg b.olud ctioadnand ool 4 31.6 
COL NK O0r) Fr RMeenERE mh ise Menon ter Or ane Sun carey SHE an roms pias Coen ad ec arhiyoirnd inna, tc\o.5 54.8(19) 
NaS EMO), i She DWord era ible fades, Roche VA ioe e) cae Paee SlGC lek tea a Ratsh ekeobeird ot Paige Reiter a RRs katie ee ene 42 .33(19) 
1. CO Darr anaes GENER eg ee eae Nedra eT eo Ort outers cia Fad oudlojsorchs 34.07 
IE) On Ee ee Oe PS Men be saat 5 Pie eOIncumicn On clon amdisie Ad S1d.a'¢ 35.82 
(OFT Gy aera tema geen Maem, Pluaininn Gr nner NROMeAy adh aia ree ee he nner He) abn acm bec Oo oto) OD 74.00 
a IS\ 0) Ree NICD TERA a Ee Eee NAG CSR Dor nar Ae SARE Ain ree adc ANN Gs GNA A cd 2 itil 14 
CaSO ee oc ec cs OR Fe Bee ee eee Cee creer tetera eh oe etna Ne Bearer tiealen testis talc ae 
a E(k OV pa Reece Net, Pome A Chow MERON aoa Rinin cnn cus Ca Letina cmos MEA chr orclnehA cabteato DU S1d'0 o 0.0.0 36.2 
OP KGEK CLOT): he een en ne ee ee ae Te eG RLM KO Oooo kao ddGeo sas cL 
WEBEL C Olig) aie adisaed Shove a -o.s0e, ers: GE soils a. jut Gin remap ncauclicn pec eteus te pe We aay eile) waepertewen oy wpe entices teen cts ted | Re M ce ee ean 
IEW = COLO en eerie, Oo ow eee ee aM A as PUR regi ia ee roel acs SG eA y pleco ortho Gorn 10 cho 9.60 
Oras Oy) ee it ee ee ee ink he Coma mcr OO CM alGdddkenssegcr 87 
(GBs GS) 0) Reeth es, Genre eee Rico Ti oe OMe ererarere ras Si Mer teed, Sh Scot ic cul Shoda prone cecta\ O00 Giow Oo ¢ 75.4 


(19) at 18°C 


Since the formation of these salts is comparatively slow and their 
accumulation to any extent is prevented by the excessive and frequent 
rains in the humid regions, their amount in the soil solution is relatively 
small and does not form a saturated solution, probably, not even at alow 
moisture content. Those of course that form a saturated solution are 
separated in the solid phase. At a high moisture content, therefore, 
these salts are diluted and would cause only a small lowering of the 
freezing point, but as the water content is reduced they become more 
concentrated and they would cause a correspondingly greater lowering 
of the freezing point. That is exactly what the experimental results 
show. Hence, the experimental data agree almost perfectly with the 
hypothesis. 


The foregoing hypothesis, however, does not explain why the lowering 
of the freezing point increases in a geometric progression while the 
moisture content decreases in an arithmetic progression, and not fol- 
low a direct invere proportionality ratio, (approximately), as might 
be expected. 

It must be stated, however, that also for this phenomenon, no defi- 
nite and proved explanation can be offered. The following hypothesis, 
however, would seem worth considering. 

It is assumed that a portion of the water found in the soil is inactive 
or unavailable and does not take part in dissolving the salts in the 
soil. How this portion of the water is rendered inactive and in 
what form it exists, cannot be asserted with certainty. There are 
two possible ways in which it might exist: (1), as loosely chemically 
combined water, and (2), as adsorbed water. In the first case the 
water might react with some of the components of the soil to form 
hydrolysed substances or hydrates. There is a great amount of evi- 
dence which goes to bear out this view. It is suggested by Muntz and 
Gaudechon, (14), that a part of the heat generated upon moistening 
dry soils is probably due to chemical combination between the water 
and some soil components. Clays, for instance, are believed to possess 


@4) Ann. Sei. Agron. (3), 4, 393-443, 1909. 
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in the highest degree the power to form substances of hydration. Dry 
hydrogels upon rewetting, are believed to enter into chemical combina- 
tion with water in order to resume their colloidal state. 

If the water is physically adsorbed it is conceived that it is removed 
from the liquid phase and becomes practically solid like water of crys- 
tallization. It becomes then inactive or inoperative in the same man- 
ner as when a solute is adsorbed. 

In which form of the above the inactive water exists, cannot be 
stated definitely. It is very probable that it exists in both forms. But 
in whichever form it might exist, the assumption that it is inactive or 
unavailable to dissolve the salts tends to explain the results, at least 
partially. Thus, for example, assuming that a clay soil adsorbs or 
combines chemically with 15% of water, and that this clay at 36% 
moisture causes a lowering of the freezing point of 0.034°C, and at 
18%, .955°C, then at the former moisture content there is 21% of water 
available to dissolve the salts in the soil, while in the latter case there 
is only 5% available for the same purpose. It would be natural, there- 
fore, that the depression of the freezing point would be many times 
greater at the low percentage of moisture content than at the high, 
than would be expected from the difference of the total moisture con- 
tent, just as the experimental data really indicate. 

The foregoing hypothesis, therefore, would tend to explain, at least 
partially, why the lowering of the freezing point of the various types 
of soil with the exception of quartz sand and possibly some extreme 
types of sandy soil, should increase in a geometric progression while 
the percentage of water decreases in an arithmetic progression. It 
would also tend to explain why the lowering of the freezing point of 
quartz sand should increase inversely proportional with the water con- 
tent, which would tend to indicate that quartz sand causes very little, 
if any, of the water to become inactive. That the latter fact might be 
so is further shown by the solidification which can be induced when the 
moisture content is only about 0.7%, practically at the air dry state. 

Mention has already been made that in conducting a_ preliminary 
series of tests to ascertain how close the lowering of the freezing point 
of a.soil sample could be duplicated it was feund that at a high mois- 
ture content the duplicate readings would agree almost perfectly with 
one another for all types of soil but at a low moisture content the dupli- 
cate readings would agree with one another very close only with some 
soils, such as the quartz sand, kaolin, burned silicic acid, ete., but with 
other soils, such as the clay, loam, ete., the duplicate readings. would 
vary appreciably, and indeed the first depression would be always greater 
than the second. This latter phenomenon was made of further special 
study by determining the lowering of the freezing point of a number 
of types of soil at low moisture content at successive freezings. The 
freezing process consisted of either allowing the soil sample to 
freeze at its proper freezing point and then thawing it by holding the 
tube containing the soil in the hand, or allowing the temperature of the 
soil to fall 3 or 4°C after it had -frozen and then thawing it as before. 
Some of the results thus obtained are shown in Table 8. The magni- 
tude of the decrease of the depression due to the successive freezings 
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is not comparable either within the same soil or in different soil types, 
because the length of time and degree of freezing or super-freezing 
were not the same neither within the same soil nor in the different soils. 
These results are intended to show only that successive freezings tend 
to decrease the lowering of the freezing point of some soils and not 
of others. 


Table 9. Decrease of the Lowering of the Freezing Point with Successive Freezings. 


| 
| 


Quartz sand. * Sandy loam. 


Percentage Number Lowering of || Percentage Number Lowering of 
of of times the freezing of of times the freezing 
moisture. frozen. point. i| moisture. frozen. point. 
1.5 1 075 \| 7.10 1 .520 
2 .077 iz .410 
3 .076 3 .400 
4 .075 || 4 .400 
5 .073 |] 
2 —- 
Clyde Loam. | Clay 
22 1 .900 17.00 il 1.245 
2 .700 2 0.705 
3 620 3 .555 
4 . 560 4 .550 
| 5 555 5 .540 | 
Clay. Burned Silic Acid. 
18.80 1 :960 89.66 1 .535 
2 .855 2 .520 
3 .665 3 .525 
4 . 600 4 .522 
Kaolin. 
13.42 1 | 1.155 
2 1.115 
3 | alls) | 
4 | 1.110 || 
| 


It will be noticed that the lowering of the freezing point of quartz 
sand, burned silicic acid, and kaolin remains practically the same with 
successive freezings, but that of sandy loam, Clyde loam, and the two 
clays, becomes less with each repeated freezing and that the degree of 
diminution is very. considerable, amounting in the clay soils to about 
50% and in the sandy soil about 20%. This amount of decrease in de- 
pression, however, in the clays, loams, ete., would not have been so great - 
had these soils not been cooled 3 or 4°C after they were frozen and kept 
at that low temperature for some length of time. The decrease has 
about reached its limit with all these soils as further freezings did not 
cause any important variations. ; 

The question now is what causes this diminution of the lowering of 
the freezing point with successive freezings in the case of the agricul- 
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tural soils and why a similar diminution does not occur in the more 
artificial substances. It must be admitted, however, that for this 
phenomenon also, no definite and proved explanation can be offered. 
The following suggestions, however, seems to deserve and warrant con- 
sideration. 

It was first thought that the soil solution at the low moisture might 
‘ have reached its saturation point in concentration and as it cooled, 
salts separated, for the solubility of the salts diminishes with falling 
temperature, and thus the solution became less concentrated. This 
hypothesis, however, would not explain the continued decrease in de- 
‘pression with repeated freezings, for if the soil solution were concen- 
trated to the saturation point at the low moisture content all the excess 
of salts should separate the first time that it is cooled below O°C, and 
inasmuch as probably not all of the separated salts would go again 
into solution upon thawing—owing to the short length of time—the 
concentration of the solution and hence the lowering of the freezing 
point should remain more or less stationary. Hence, this hypothesis 
fails to explain the results. 

If it is true that the soil adsorbs water and that this adsorbed water 
is removed from the liquid phase and becomes almost solid like water 
of crystallization and it no longer acts as a solvent of the salts in the 
soil, then the foregoing phenomenon on the diminution of the depression 
with repeated freezings might be explained under the following hypo- 
thesis: The adsorption of the water is due, at least in part, to the 
colloids in the soil. Upon freezing, these colloids coagulate and _ the 
bonds uniting them with the water break and the adsorbed water be- 
comes liberated. This liberated adsorbed water becomes available and 
goes to dilute the original solution and thereby decreases the lowering 
of the freezing point. Thus, for instance, if there were only 5% of 
available moisture before the first freezing was made, there is probably 
6% at the end of the first freezing, 7% at the end of the second freez- 
ing, and so on, until probably all or most of the colloids are coagulat- 
ed. The coagulation is not complete in the first freezing but the great- 
est amount takes place in the first freezing and then smaller amounts in 
the successive freezings. : 

This hypothesis seems to find a large amount of confirmation from 
both direct and indirect evidences. It is now generally believed that 
there are present in soils both hydrosols and hydrogels consist of 
organic substances, the humus compounds, and inorganic substances, 
the hydrates of alumina, iron, manganese, hydrated silica, the zeolitic 
silicates, etc., that the hydrosols are continually being produced in the 
soils by physical action such as that of the water on clay, or by chemical 
changes such as the decomposition of silicates; and, that there are in 
nature various agencies such as changes in temperature, concentration 
of solution, etc., by which hydrosols are changed to hydrogels, and vice 
versa. Changes in temperature are known to produce especially very 
marked effects upon these colloids. Both heating and freezing have 
been found to cause coagulation of the hydrosols and hydrogels and 
that this coagulation is accompanied by a decrease in the absorbtive 
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power. It has been abundantly proved, for example, that when clay is 
heated its absorbtive power for water is greatly diminished. 

This hypothesis, therefore, would seem to explain very well the di- 
minution of the depression of the freezing point of the agricultural 
soils at low moisture content with repeated freezings. It would seem 
also to suggest that the artificial substances, such as the quartz sand, 
burned silicie acid, and kaolin, either do not contain colloidal material, 
or if they do, it is not coagulable. 

At the high moisture content coagulation of the colloids of the agri- 
cultural soils should also take place, but since the amount of water 
present is high, and the solution is relatively very dilute, the amount of 
water that is released upon coagulation is too small to make any notice- 
able effect upon the depression. 

In late years a great amount of work has been done upon the effect 
of steam heat on the solubility of soil constituents. Especially impor- 
tant and valuable are the investigations of Russel and Hutcheson, (15), 
and Lyon and Bizzel, (16), upon the subject. These investigators, as 
well as others subsequently, found that in general, steam heat increased 
the ammonia content as well as the water-soluble inorganic matter. 


In order to show the applicability of the freezing point method on 
this subject and also to ascertain to what degree the steam heat in- 
creases the concentration of the solution, the lowering of the freezing 
point of a few types of soil steam heated, was determined. The gen- 
eral procedure consisted of taking soils from the field, bringing them 
up to a high moisture content, and then dividing each soil into two 
parts, one part was used as a check and the other part was steam 
heated in an autoclave for about 38 hours at a pressure of 15 atmos- 
pheres. After steaming, the moisture content was brought up to the 
original and the lowering of the freezing point was determined. ‘The 
following table contains the depression of the freezing point of the 
unsteamed and steamed portions of each soil. Only a very limited 
number of soil types was employed because it was desired to show 
mainly the applicability of the method on the subject. 


Table 9. Effect of Steam Heat on the Lowering of the Freezing Point of Soils. 


Lowering of 


Name of Soil. the Freezing 
Point. 

Sandy loam! unsteamed sire oo bare he are ere ot aes iat earns e) eiate ty MSs fe taeiene tee neta eee .020 
Satidy loam: Steamed) ccsrcrepen castes ork aster alee eae ete ocala ge tea re Ree ora .035 
Clay -unsteamed ys ccvch cnc spe nine ere eile. Gioth ogee eee reetet en sah ane Ca RONG ga cater tomate .030 
Clay steamedind . WAe cc alstalan eh E eats Cees aa tis Beara nie: cls ae ener HOI oe ae ee 045 
Clyde odm Wnsteamed ins S sce facile nosahs i cea yews stale ae eco ek oom esha ee cae ee Te ete ae ee 040 
Clydedoam'steameds 20rd es scat ta: cat n eae eae Ca eede Gee chem avr Renee Reena .115 
eat UNS t CAN SO: a5) =: fo oie ose fevat ovaing ee ons alee lager danse ce PMO a Ue oe Tie ve aL RS ce toe eae ae 015 


Peat steamed 


It will be at once seen that steam heat increased the lowering of the 
freezing, and consequently the concentration, in every soil, but the 


(5) Jour. Agr. Sci. 2, 411, 1908. 
(6) New York Cornell Sta., Bul. 275,"1910. 
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magnitude of the increase is by far greater in those soils in which the 
organic matter is very high or predominates, than in the mineral soils. 
Apparently steam heat causes a greater amount of material to go into 
solution in the former than in the latter classes of soil. 

Besides employing the freezing point method to determine the con- 
centration of the soil solution in the soil at various moisture contents, 
it can also be used, of course, to measure the salt content of alkali 
soils. Through the kindness of Dr. F. S. Harris of the Utah Agricul- 
tural College we were able to secure soil samples of alkali, irrigated 
and non-irrigated soils. All these soils could be classed as heavy sandy 
loams. The lowering of the freezing point obtained from these soils 
is shown in the following table. 


Table 10. Lowering of the Freezing Point of Alkali, Irrigated, and Non-irrigated Soils of the Arid Region. 


‘ Percentage Lowering of 
Name of Soil. of | the Freezing 
moisture. Point. 
| 
| ; 
PNA) eee ee tet ch GSN iPah CORI ONE cru tre ee ete a Voted Seals ont ees 20.20 | 1.950°C 
INGUEIDD eC atede ne oer cobs locke el senkce ot beens Senaiun lenders Maes. 16.36 .320 
MGS AVE Sere rata ain crate testers) See Reoeca aoe GLEN. awe aph cits) teoenavent eRe atere bas V7. 72 6 a2) 


It will be readily seen that the depression and hence the concentra- 
tion of salts in solution are very great in the alkali soil, even at such 
high moisture content, almost at the saturation point; at a low mois- 
ture content the depression was so great that it could not be read on 
the scale of the thermometer. The depression of the non-irrigated soil 
is greater than that of the irrigated even though the moisture content 
of the latter is greater than that of the former. The magnitude of the 
depression in both cases, however, is small due to the high water content 
present. 

In conclusion, then, it must be stated that if it is to be accepted that 
the lowering of the freezing point of soils at the different moisture 
contents represents actual concentration of solution, then many ex- 
tremely important and far-reaching consequences follow. (1). The 
soil solution is not under all conditions dilute as is generally believed. 
It is dilute only at the high moisture content but at a low moisture 
content it is tremendously concentrated and its concentration can be 
increased by the application of soluble salts. (2). The concentration 
of the soil solution does not remain constant but varies tremendously 
with the moisture content and the amount of soluble salts applied. 
(3). The solution of normal soils in humid regions may never reach a 
saturation point, at least with most salts. (4). The magniture of concen- 
tration of solution is not the same for all soils, but varies greatly with 
the different soils. (5). The absorbtive power of the soil does not 
seem to influence at all the concentration of the solution; those soils 
known to possess the highest absorbtive power generally contain a very 
high concentration of solution and those that have a low absorbtive 
power possess a low concentration of solution. Hence, the two pre- 
vailing theories regarding the concentration of the soil solution are 
diametrically opposed by the results of this investigation. 

Furthermore, the acceptance that the lowering of the freezing point 
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at the low moisture contents represents actual concentration of solution 
throws a new and important light on the subject of the wilting coeff- 
cient of plants. The wilting of plants has heretofore been generally 
attributed to their inability to take up the water which is held by the 
soil with a great attractive force. While this explanation is undoubted- 
ly correct and especially if it is true that some of the water is loosely 
chemically combined or physically adsorbed and consequently removed 
from the liquid phase, yet if the great depression of the freezing point 
at the low moisture content represents concentration of solution, then 
the wilting of plants must be also influenced by plasmalytic phenomena. 
As already seen, the calculated concentration amounts in some cases 
to over 28,000 p. p. m., which is equivalent to an osmotic pressure of 
over 12 atmospheres. At a still lower moisture content these magni- 
tudes would be far greater. When it is considered that the osmotic 
pressure of the cell sap of such common agricultural plants as wheat, 
barley, oats, corn, generally amounts to only about 5 atmospheres un- 
der humid conditions then the possibility of the wilting of plants in 
some soils at least being partly due to the plasmolytic phenomena, be- 
comes greatly strengthened. Again, the best standard nutrient solu- 
tions contain an osmotic pressure of only between 1.50 and 1.75 atmos- 
pheres. Knops standard nutrient solution and the more recent one 
proposed by Shive, (17), contain an osmotic pressure of 2.75 and 1.5 
atmospheres, respectively. 

It would seem very possible, therefore, that in some soils at least, 
especially in the complex types where the depression of the freezing 
point is greatest, the concentration of the solution probably plays a 
very important part in the wilting of plants. 

Again, if the concentration of the soil solution varies tremendously 
with the moisture content, then it becomes at once obvious that the centi- 
fuge and paraffin oil methods can give some information concerning the 
concentration of the soil solution only at the moisture content at which 
the extraction can be made. Even at that moisture content, however, 
the concentration of the extracted water is only approximately close 
to the total concentration of the entire moisture in the soil, if the theo- 
retical principles already discussed (p. 6) are correct. 

Finally, it must be stated that the freezing point method with further 
development promises of furnishing a quantitative comparison of the 
soluble salt content in different soils and thereby give an idea as to 
their degree of fertility. In its present stage it can only compare the. 
concentration or salt content of the soil solution at different moisture 
contents of the same soil, and between very extreme types of soil. The 
moisture content seems to be the controlling factor and the develop- 
ment of the method towards being employed to compare quantitatively 
the salt content and probably the fertility of different soils, lies in 
standardizing the moisture content, and this phase of the work is now 
under investigation. 


(17) Plant World, 1915. 
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Effect of Application of Soluble Salts Upon the Concentration of the 
Soil Solution in the Soil. 


Our present knowledge concerning the effect of application of soluble 
salts upon the concentration of the soil solution in the soil is extremely 
unsatisfactory. A great amount of experimental work has been done 
upon the subject but the conclusions drawn therefrom are not at all 
concordant. This is undoubtedly due to the fact that there has been 
no method of attacking the problem directly and consequently the 
studies had to be conducted indirectly. As a result of this difficulty 
many of the present views concerning the effect of application of soluble 
salts upon the concentration of the soil solution in the soil have been 
deduced from a priori consideration from certain physical laws. of 
solutions and physical properties of soils. According to the theory ad- 
vanced many years ago by Whitney and Cameron, (18), the application 
of soluble salts such as KCl would probably not increase the concen- 
tration of the soil solution. They based their theory upon the law of 
equilibrium of solutions. ‘Their studies with water extracts led them 
to believe that the soil solution is saturated or nearly saturated in 
respect to the soil constituents, and the application of such soluble salts 
with which the solution is already saturated would merely force back 
the dissociation and thus re-establish equilibrium. The concentration 
of the soil solution,. therefore, tends to remain constant. 

According to the absorption-adsorption theory the concentration of 
the soil solution may not be increased by the application of soluble 
salts. It is maintained that these phenomena of absorption-adsorp- 
tion tend to maintain a practically constant concentration of solution 
for any given soil. Indeed, it is asserted that it is these properties of 
the soil which prevent the soil solution from becoming too concentrated 
either upon withdrawal of moisture or application of salts to the soil, 


(8) Bul. 22, Bureau of Soils, U. S. Dept. of Ags ., 1903. 
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which would be detrimental to the growth of plants. Through the ab- 
sorption-adsorption phenomena, salts are given up to the soil solution 
when the latter becomes dilute, or salts are withdrawn from it when it 
becomes concentrated and thus a constant equilibrium is maintained. 

Since it was found that by means of the freezing point method the 
concentration of the soil solution can be measured directly in the soil, 
it was at once suggested that this method might be used to study directly 
the effect of application of soluble salts upon the concentration of the 
soil solution in the soil. The results thus directly obtained ought to 
show definitely whether or not the concentration of the soil solution in 
the soil can be increased by application of soluble salts. 

The procedure consisted of treating different types of soil with 
n/100 solution of various salts, allowing them to stand in room tem- 
perature and saturated atmosphere for about 24 hours, and then deter- 
mining the lowering of their freezing point. To each soil sample was 
added a sufficient amount of a solution to bring it up to a very high 
moisture content, thus eliminating some of the errors that occur at the 
low moisture content. For each treated sample there was always a 
check having the same percentage of moisture, but made up only of 
water. Great care was taken to mix each soil sample with the solution 
or water, very thoroughly. The results obtained are detailed in table 11, 


Table 11. Effect of Application of Soluble Salts upon the Concentration of the Soil Solution 
in the Soil. 


Before entering into the discussion of the foregoing data, an explana- 
tion as to their form of presentation is necessary. The first column 
to the left of each salt solution contains the lowering of the freezing 
point of the solution itself; the second column contains the lowering 
of the freezing point of soil treated with the solution, and, this lower- 
ing is entirely due to the solution applied, as the amount of depression 
due to the soil itself at that moisture content has been subtracted; the 
third column shows the difference in.the depression of the solution be- 
fore and after it is added to the soil; the fourth column contains the 
percentage of change in the depression that the salt solution suffered © 
in the soil; and, the fifth column shows what percentage of the original 
concentration of the salt solution went to increase the concentration of 
the soil solution. 

With this explanation, the above data showing the influence of ap- 
plication of soluble salts upon the concentration of the soil solution in 
the soil may. now be considered. An examination of the figures in the 
fifth column of the various salt solutions shows many remarkable 
facts. Starting with the KCl solution it will be seen that from 70.81 
to 100% of the concentration of the salt solution went to concentrate 
the soil solution. The concentration of the soil solution is increased 
greatest in quartz sand, kaolin, sandy loam, and peat, and least in 
humus loam. 

Considering next the K,SO, solution it will be seen that a much 
smaller percentage of the concentration of this salt solution went to 
increase the concentration of the soil solution of the various soils. 
With the exception of quartz sand and kaolin, where the increase is 
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99.2 and 78.0%, respectively, the increase in the other soil is compara- 
tively small, amounting in the case of humus loam to only 20%, gray 
clay 22%, red clay 42%, etc. It is interesting to note that in the red 
clay the concentration is 20% greater than in the gray clay. Evidently, 
therefore, the influence of K,SO, upon the concentration of the soil solu- 
tion of the various soils is not as great as that of KCl. 

The solution of MgSO, increased the concentration of the soil solu- 
tions of some soils quite appreciably, but in others only a very small 
amount. Thus, in the quartz sand, sandy loam, silt loams, kaolin, and 
peat the greatest part if not all of the original concentration of this 
salt solution went to concentrate their soil solutions but in gray clay, 
humus loam, and red clay, a smaller portion of the original concentra- 
tion was used for the same purpose. 


The (NH,).SO, solution increased the concentration of the soil solu- 
tion of the agricultural soils on the average much less than the MgSO, 
but considerably more than the K,SO,. It will be seen that in the quartz 
sand and kaolin fully the entire concentration of the salt solution was 
added to their solution, but in the other agricultural soils only about 
half of the original concentration was imparted to their soil solutions. 


The increase in concentration of the soil solution of the various soils 
by the Ca(NO,), and NaNO, solutions is extremely interesting. It 
will be noted that in all the soils, with the exception of peat and humus 
loam, practically the entire concentration of these two salt solutions was 
added to their soil solutions and the percentage of the Ca(NO,), is 
appreciably greater than that of the NaNO,. The failure of both clays 
to decrease at all the concentration of Ca(NO,), is of especial interest. 


Of all the compounds used, the phosphates increased the concentra- 
tion of the soil solution of the agricultural soils the least. Indeed, it 
will be seen that with the exception of quartz sand, peat, and kaolin, 
the concentration of the solution of the other soils was increased from 
0.0 to only 8.78% of the original concentration of K,HPO,, CaH,(PO,), 
and Na, HPO, solutions. Of the three solutions the last caused the 
greatest increase in the contentration which is only about 8%. _ Evi- 
dently these compounds have very little if any effect upon the concen- 
tration of the soil solution of most agricultural soils. 


In order to ascertain whether greater concentrations than n / 100 
of these phosphate compounds would increase the cencentration of the 
soil solution a normal solution of each was employed. The lowering 
of the freezing point of n/1 Na,HPO, solution, however, could not be 
determined on account of its saturation point and the consequent pre- 
cipitation, and, therefore, no calculation could be made to what extent 
it influenced the concentration of the soil solution. The following 
table, therefore, contains only the results obtained with n/1 solution 
of K,HPO, and CaH,(PO,), in red clay. 

79 ; 
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Tahle 12. Effect of Normal Solutions of K2H PO«s and CaH4 (PO4)2 Upon the Concentration of the 
Soil Solution of Red Clay. 
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These results show that by increasing the concentration to n/I] a 
greater percentage of the concentration goes to increase the concentra- 
tion of the soil solution of the clay than when n / 100 strength is used, 
but the amount of increase, however, is small in comparison with the 
strength of the salt solution used. 

This part of the investigation goes to show, therefore, that the differ- 
ent compounds employed have an entirely different effect upon the con- 
centration of the soil solution of the various types of soil. In the case 
of the neutral salts the soil solution was increased from 20 to 100% 
of their strength added, while in the case of the phosphate salts very- 
little if any of their concentration was imparted to the soil solution 
of the agricultural soils. 

The contention of the two theories already mentioned that the con- 
centration of the soil solution tends to remain constant and is in equili- 
brium with the soil and that the application of soluble salts may not 
increase this concentration, are not entirely confirmed or borne out by 
the data of this investigation. The only compounds which do not 
seem to cause an increase in the concentration of the soil solution are 
the phosphates, and that is only in certain soils. 

The question now is: How is this increase in concentration of the 
soil solution by the soluble salts brought about? And, what is the 
composition of the resulting soil solution? 

As already stated the lowering of the freezing point indicates only 
total concentration, and it tells nothing of the reactions that might take 
place between the soil and solution, or of the composition of the result- 
ing soil solution. To obtain an answer to the above question, or ques- 
tions, therefore, it is necessary to resort to other means. 

In the study of adsorption or fixation of salts by soils one of two 
methods is generally employed: (1), either to shake a certain amount 
of soil with an excess amount of solution, and analyse the supernatant 
liquid, or, (2), to pass through a column of soil, a salt solution and 
analyse the percolate. These ‘studies have shown ‘that in the case of 
neutral salts the amount of the base of the salt solution added is dimin- 
ished and an equivalent or nearly equivalent amount of other bases are 
dissolved in the solution. Thus, if a soil is treated with a solution of 
KCl the amount of K in the resulting solution is diminished but is 
replaced by an almost equivalent amount of other bases such as Ca, 
Mg, ete., while the amount of Cl remains practically unchanged. 

In explanation of this phenomenon two theories have been proposed. 
One is based upon a chemical reaction between the soil and solution 


EXPERIMENT STATION BULLETINS. 627 


¢ 

with an exchange of bases, and the other is based upon a physical selec- 
tive adsorption of the base of a salt with a resulting acid which dis- 
solves an equivalent amount of the soil bases. In the first theory it is 
assumed that a neutral salt reacts with the polysilicates of the soi] with 
the base becoming fixed or insoluble and an equivalent amount of an- 
other base being replaced thus: Alx Fex Mgx Nax Ca(SiO,)x (H,O) 
+ 2KC] = Alx Fex Mgx Nax K,(SiO,)x (H,O).-++ CaCl,. This equa- 
tion typifies the metathetical reaction that may take place between a 
neutral salt and the zeolitic compound of the soil. The CaCl, is sup- 
posed to be in solution. 

The fixation of the soluble phosphates is supposed to be accomplished 
by the bases present in the soil, such as iron, aluminum, tetanium, lime, 
and magnesium. The reaction which is different from the above is 
typified by the following equation: 

CaH,(PO,),. + CaCO, = Ca,H,(PO,), + CO, + H;0. 

Ca,H,(PO,), -—- CaCO, = Ca,(PO,). = ,CO, + H,O. The soluble 
phosphate, therefore, reacting with calcium forms insoluble Ca, (PO,)>. 

According to the physical selective adsorption theory it is suggested 
that when a soil is in contact with a solution such as KC] it adsorbs 
the potassium ions at a much greater rate or greater proportion then 
the chlorine ions thereby, (since an equivalent number of hydroxyl ions 
are also removed with the potassium ions), causing a partial hydro- 
lysis of the solution, (KC] + HOH — KOH (adsorbed) + HCl), and 
leaving free acid in the solution which goes to dissolve the soil bases. 

Although the last theory might be correct, yet it has not been abso- 
lutely proven and does not account for all the facts. The first or chem- 
ical theory, however, which seems more rational, explains practically 
all the facts quite satisfactorily and is probably more widely accepted. 
In the light of this theory the foregoing question: How is the increase 
in concentration of the soil solution by the soluble salts brought about? 
and, What might be the composition of the resulting soil solution ?, are 
explainable, at least partially. For instance, the increase in concentra- 
tion of the soil solution may not be due to the direct addition of the 
concentration of the salt solution but that a new compound or com- 
pounds might be formed which are in solution and have smaller than 
or as great lowering of the freezing point as the salt solution added, 
and that not any of the salt solution added may exist in the original 
form in the resulting soil solution. 

It would be a remarkable coincidence, however, if a new compound 
was formed in the various mineral soils to which Ca(NO,), was added, 
which had a lowering of the freezing point as great as this salt solution 
itself. In a case of this character one is almost led to believe that 
the entire concentration of this salt solution was simply added to the 
soil solution without undergoing any change, just as in the case of 
quartz sand, where the increase in concentration of its solution is due 
to the direct addition of the concentration of the salt solution. 

The almost complete disappearance of the original concentration of 
CaH,(PO,),, Na,HPO,, and K,HPO, solutions in some of the soils tends 
to confirm the equation already given that these compounds react with 
the bases of the soils and form insoluble substances and thus the con- 


628 STATE BOARD OF AGRICULTURE. 


centration of the soil solution is not at all increased either directly 
by these compounds or by the formation of new compounds as in the 
case of neutral salts. 

As far as the results of the phosphates are concerned in most of the 
agricultural soils, they agree with the theory of Whitney and Cameron 
that the concentration of the soil solution may not be increased by the 
addition of these compounds, but the explanation, does not appear to 
be the same. 

But as far as the results of the neutral salts are concerned they agree 
neither with the theory of these investigations nor with the absorption- 
adsorption theory which postulates that the properties of absorption- 
adsorption of the soil tend to maintain a constant concentration of 
solution. 


SUMMARY. 


The study of the concentration of the natural soil solution is of the 
greatest importance as well as of the highest interest from al] stand- 
points—the chemical, physical, physiological, and biological. Our knowl- 
edge concerning the concentration of the natural soil solution has here- 
tofore been obtained through indirect means, as there has been no 
method capable of measuring it directly as it exists in the soil and con- 
sequently its exact magnitude has not been known, especially under 
different conditions, including variation in moisture content, fertilizer © 
treatment, tillage, season, ete. 

In the present paper the freezing point method has been suggested 
as a new means of measuring the actual concentration of the.soil solu- 
tion in the soil at different moisture contents and under different treat- 
ments. The method is based upon the general principle that the freez- 
_ing point of water is lowered by the presence of soluble material and 
that the degree of lowering is proportional to the amount of the soluble 
material present, (non-electrolytes). The procedure consists of placing 
a short column of soil in a glass tube 1 inch in diameter and 9 inches 
long, inserting the bulb of a Beckmann thermometer into this column 
of soil, then putting this soil tube into another larger glass tube and 
allowing the soil mass to cool in a cooling bath at a temperature of — 
4.5°C. After the soil mass has supercooled to about 1°C, the thermom- 
eter is jarred or moved in the soil whereupon solidification commences 
and the mercury thread begins to rise and continues to do so until the 
proper freezing point is reached where it remains for some time and 
then begins to fall again. The highest temperature reached on the 
thermometer is taken as the proper freezing point of the soil. 

It has been found that it is extremely easy to determine the lowering 
of the freezing point of soils. The solidification can be started when 
the soil mass is supercooled to only about 0.3°C and it is far easier to 
induce solidification in soils than in solutions. The depression of the 
freezing point of soils can be measured from any maximum water con- 
tent down to a very low water content. The minimum water content 
probably lies slightly below the wilting coefficient of plants. In the 
case of quartz sand, for instance, the lowering of the freezing point can 
be measured when the moisture content is only about 0.7%. 
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The lowering of the freezing point has been determined in a large 
number of soils at two different moisture contents, low and high. The 
results of this study show that at the high moisture content the freezing 
point lowering of all the different types of soil examined is very low 
and varies only slightly in the different soils. At the low moisture con- 
tent, however, the lowering of the freezing point is very high and varies 
tremendously with the extreme types of soil, being highest in clay type 
and lowest in sand. The amount of concentration and osmotic pres- 
sure that are-represented by the great depressions in the complex types 
of soil, are indeed very great. The depression of .955°C of clay, for in- 
stance, which was obtained at 18.80% moisture content, represents a 
concentration of 28,941 p. p. m., and an osmotic pressure of 12.04 atmos- 
pheres. 


In all the soils, with the exception of quartz sand and some extreme 
types of sandy soil, the ratio of the lowering of the freezing point is 
not directly inversely proportional to the ratio of the water content, as 
might be expected, (approximately), but the former is many _ times 
greater than the latter. Thus, in the case of clay the inverse ratio be- 
tween the lowering of the freezing point and the water content is 27 
to 1.85, respectively. Upon investigating this relation more thoroughly 
by determining the lowering of the freezing point of various soils at 
a large number of moisture contents it was found that this relation fol- 
lows a mathematical law and indeed the geometric law, i. e., the lower- 
ing of the freezing point increases in a geometric progression while 
the water content decreases in an arithmetic progression. In the case 
of quartz sand and some extreme types of sandy soil, however, the de- 
pression of the freezing point increases inversely proportional with 
the water content. 


_ The enormous concentration which the lowering of the freezing point 
of some soils represents at the low moisture content created at first 
some doubt as to whether this lowering of the freezing really repre- 
sents concentration or is caused by some physical factor such as the 
supposed pressure with which the water films are held by the soil parti- 
cles, etc. All possible physical factors that might enter into the freez- 
ing point have been thoroughly considered but it has not become appar- 
ent that the great depressions have been caused by any physical agent. 
On the contrary all evidences, both direct and indirect, point over- 
whelmingly to the fact that these high depressions of the freezing point 
are produced by and represent actual concentration. Thus, washed 
quartz sand which would not be expected to possess a solution of high 
concentration causes a lowering of the freezing of only .070°C at 1.5% 
moisture content, while clay, which would a priori be considered as 
containing a solution of high concentration produces a depression of 
the freezing point of .955°C at 18.80% moisture content. The rate of 
increase in the lowering of the freezing point with the decrease in mois- 
ture content is uniform throughout, from the maximum to the minimum 
moisture content, etc. . 
In explaining that the high depression of the freezing point at the 
low moisture content, or the increase of the depression of the freezing 
point with the decrease in moisture content, might represent concen- 
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tration of solution, the following suggestion is tentatively offered: It 
is assumed that the soil solution contains salts or their ions, produced 
by the reaction of the dissolved components of the soil minerals, hydro- 
lysis of the minerals, application of fertilizers, decomposition of organic 
matter, etc. These salts have, as a rule, a high solubility and would re- 
quire a large amount of them to form a saturated solution. They are 
formed relatively slowly and since the frequent and excessive rains, 
especially in the humid regions, tend to leach them away, only a relative- 
ly small amount of them is present at a time. At a high moisture con- 
tent these salts are diluted and the lowering of the freezing point is 
small. As the moisture content, however, is reduced, they are con- 
centrated and the lowering of the freezing point becomes greater. 


A eritical consideration of the character of the soil system and a 
thorough examination of the available data of the soil solution as ob- 
tained through soil water extracts, drainage water, etc., lend consider- 
able support to this hypothesis. 


The foregoing hypothesis, however, does not explain why the lowering 
of the freezing point increases in a geometric progression while the 
water content decreases in an arithmetic progression and not follow 
2n inverse proportionality law (approximately) as might be expected. 


In explanation of this fact the hypothesis is also offered that some of 
fhe water contained by the soil might be either loosely chemically com- 
bined or physically adsorbed, or both, in which event that portion of the 
water is not free or available to dissolve the salts in the soil, but is 
entirely removed from the liquid phase. If it is physically adsorbed 
it is conceived that it is almost solid like water of crystallization. The 
hypothesis would seem to explain the results. Thus, for example, if a 
soil like clay causes 15% of water to become unavailable, or be removed 
from the liquid phase, and at 36% moisture this soil gives a depression 
of the freezing point of .034°C and at 18.8% moisture, .955°C, then at 
the first case there is 20% moisture to dissolve the salts while in the 
second case there is only 3% of moisture for the same purpose. The 
depression of the freezing point at the low moisture content, therefore, 
would be many times greater than that at the high moisture content, 
than should be expected from the total percentages of moisture content. 


While no experimental proof is offered for the above hypothesis there 
are data which seem to point towards its validity. Thus, it has been 
observed that at a low moisture content the lowering of the freezing 
point of all colloidal soils employed, becomes less or smaller with suc- 
cessive freezings. This phenomenon might be explained under the sup- 
position that at least part of the unavailable water is adsorbed by the 
colloids of the soil. Through the process of freezing this colloidal 
material is coagulated and thereby releases the adsorbed water which 
becomes free or available and goes to dilute the original solution. 


In the event, therefore, that the lowering of the freezing point at 
the different moisture contents represents actual concentration of solu- 
tion, then many extremely important and far-reaching consequences fol- 
low: (1). The soil solution is not under all conditions dilute as is 
generally believed. It is dilute only at the high moisture content, but 
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at a low moisture content and in some soils, it is tremendously con- 
centrated, and this concentration can be increased with the application 
of soluble salts. (2). The concentration of the soil solution does not 
remain constant but varies greatly with the moisture content, and the 
amount and kind of soluble salts added. (3). The soil solution of 
normal soils in humid regions may never reach a_ saturation point, 
in all the salts at least. (4). The magnitude of the concentration of 
the soil solution is not the same for all soils but varies greatly with the 
different soils. (5). The absorbtive power of the soils does not seem 
to influence at all the concentration of the soil solution. Those soils 
known to possess the highest absorbtive power generally contain a solu- 
tion of very high concentration, while those that have a low absorbtive 
power contain a low cencentration of solution. (6). The wilting of 
plants at a low moisture content may not be entirely due to their in- 
ability to obtain the remaining moisture in the soil, but also to the 
plasmolytic effects of the high concentration of the soil solution. 

By means of the freezing point method the effect of application of 
soluble salts upon the concentration of the soil solution in the soil, was 
also studied. The compounds were added to the soil in solution in 
n/100 strength and consisted of KCl, K,SO,, MgS0O,, (NH,).SO, 
Ca(NO,)., NaNO,, K,HPO,, CaH,(PO,)., and Na,HPO,. The soils con- 
sisted of washed quarts sand, two different kinds of silt loam, and clay, 
and one kind of sandy loam, humus loam, peat, and kaolin. The re- 
sults obtained in this study show that all these compounds have an 
entirely different effect upon the concentration of the soil solution of 
the different soils. In the case of the neutral salts the concentration of 
the soil solution was increased from 20 to 100% of their strength em- 
ployed, while in the case of the soluble phosphates the concentration 
of the soil solution of all the soils except peat, quartz sand, and kaolin, 
was extremely little, if any, increased. These results on the whole do 
not confirm entirely the theories that the application of soluble salts, 


even in small amounts, may not- increase the total concentration of the 
soil solution. 
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THE LEAF-SPOT DISEASE OF TOMATO. 


Technical Bulletin No. 25. ae 


FOREWORD. 


The importance of the tomato crop in the state of Michigan and the 
seriousness of some of the losses occasioned by diseases led the Depart- 
ment of Botany to begin investigations on the subject several years ago. 
The investigation of one of these diseases, the leaf-spot, the subject of 
this bulletin, was turned over to one of the advanced students, Mr. Ezra 
Levin, who began work in the fall of 1913 and devoted a very large part 
of the following school year and summer to the problem. The work was 
carried out along lines laid down by Dr. G. H. Coons, Research Assist- 
ant in Plant Pathology, who kept very close supervision of Mr. Levin’s 
work. The revision of the manuscript and the larger part of the prep- 
aration of the Bibliography were also carried out by Dr. Coons. The 
result of the investigations throw great light upon the structure and life 
history of the fungus (Septoria lycopersici) causing the disease and ex- 
plain many of the apparently contradictory observations and conclu- 
sions of previous investigators. They are of especial value as they show 
where lie the vulnerable points in the life history of the fungus, an item 
of the utmost importance in the combating of a disease. Furthermore, 
the facts learned havé been found to shed light upon other diseases 
caused by other species of Septoria, such as the late blight of celery, ete. 

In view of the foregoing it is believed that it is highly desirable to 
publish the details of the investigations as a Technical Bulletin, for the 
benefit of investigators wherever the diseases of this type are being stud- 
ied, and to present the main facts, together with directions for control, 
in a popular form in another publication. 

ERNST A. BESSEY, 
Botanist. 
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THE HOST. 


The common commercial type of tomato is Lycopersicon lycopersicon 
(L.) Karst., and is to be distinguished from the currant tomato, Lycop- 
ersicon pimpinellifoliwum Dunal, and the cherry tomato, Lycopersicon 
cerasiforme Dunal. ; 

The importance of the tomato crop in the United States is indicated 
by the following statement from the Thirteenth Census Report: “Judged 
by value, tomatoes were the most important vegetable, the value ex- 
ceeding $13,700,000 in 1909.” The Michigan tomato crop is extremely valu- 
able. The report credits the state with $217,256, tomato production, and 
this has since increased to at least five times this amount. 

The methods used in growing this crop influence the prevalence of this 
disease to a great extent. 

Seed is sown in hot beds or greenhouses several weeks before setting 
out; (in Michigan from March to May). In the open, two types of cul- 
ture are employed: (1) training of plants to two or three stems tied to 
a-stake, (2) allowing plants to grow over the ground at will. In fore- 
ing tomatoes, the plants are usually trained to a single stem and staked. 

In recent years more and more complaints, indicating the prevalence 
of serious tomato diseases, have come from the tomato growers of Mich- 
igan. The plant disease survey of the state indicated that Septoria leaf- . 
spot was especially serious. Investigation was begun by the writer in 
September, 1913, and practically completed August, 1914. 


THE DISEASE. 


The common names by which this serious disease is known are: “late 
_ blight,” “blight,” and “leaf-spot.” It is, however, a well known fact 
that in some sections of the country, tomatoes are attacked by Phytoph- 
thora infestans (Mont.) de By., the cause of late blight of potato. This 
precludes the use of “late blight” as a name for this disease. “Blight” 
and “leaf-spot” are also more or less preempted. The former of these 
terms or preferably “early blight” may best be associated with Alter- 
naria solani (i. and M.) J. and G. which also attacks tomatoes. A com- 
mon usage among pathologists seems to warrant the name of “leaf-spot” 
in referring to the diseases of this type. 


PREVIOUS INVESTIGATION OF THE DISEASE AND ITS CAUSAL ORGANISM. 


It is generally conceded that the fungus, Septoria lycopersici Speg. 
causes the disease commonly known as “leaf-spot” of tomato. As will 
be seen this has been more of an inference based upon the constant asso- 


634 STATE BOARD OF AGRICULTURE. 


ciation of the organism with the disease than a conclusion resulting from 
experimentation. 

The organism was discovered in Argentina by Spegazzini in 1882. The 
fungus and its characteristic lesions were tersely described by him in a 
publication containing descriptions of several other organisms. The 
name given by Spegazzini has been in common use for this disease-pro- 
ducing organism although the fungus was subsequently found upon the 
host in countries far from the source of the type material. 

The early accounts of this disease consisted of a few scattered notes 
recording the finding of the fungus in various localities. For example, as 
recorded in Briosi and Cavara (1889): Cuboni (1888) and Passerini 
(1889) found the fungus in Italy. Passerini’s contribution is note- 
worthy in that this author recognized the pathogenic character of the 
organism and outlined rather fully the symptoms of the disease. 

B. D. Halsted (1896; 1897) was the first to report the disease for the 
United States and in one of his annual reports he listed Septoria lyco- 
persici for New Jersey and mentioned it as causing one of the leading 
fungous diseases of tomato. A. D. Selby (1897a) discussed a “new 
arrival” in Ohio, apparently Septoria lycopersici, and in a later article, 
its distribution in Ohio was particularly noted (1897b). The same author 
in 1899 stated—‘During the season 1898 conditions of warmth and mois- 
ture seemed to favor the development of the Septoria fungus.” In 1899, 
Dr. E. A. Bessey observed extensive damage in Maryland near Ann- 
apolis Junction (verbal communication). F. 8. Earle (1900) noted a seri- 
ous epidemic of this disease in the cold frames at Auburn, Ala. N. A. 
Cobb (1902), discussing tomato diseases of Australia, stated that this 
disease, “has never been mentioned in this journal (Agr. Gaz. N. S. 
Wales) hitherto.” “The leaves are attacked more particularly although 
there is hardly any part of the plant entirely free from attack.” Again 
recording the fungus for Australia, D. McAlpine (1903) gave a descrip- 
tion of the fungus and the effect produced upon the host. W. A. Keller- 
man (1903) wrote a brief note on Septoria lycopersict. In 1904, W. A. 
Orton mentioned the disease as serious in the previous year. G. Dela- 
croix (1905) in recording the history of this fungus in France, wrote a 
description of the causal organism on the host and in pure culture and 
noted successful infection experiments. (See page 12). L. Reh (1905) 
described the disease in Germany. G. Kéck (1905) noted the disease in 
Austria. Later he described Septoria lycopersici, and made a series of 
observations on its effects on the host, and resistance of varieties. Is. 
Kornauth (1905) gave a further account of the disease in Austria. J. 
3urtt-Davy (1905) records the disease from Transvaal. J. L. Sheldon, 
in West Virginia (1905), noted “Leaf-Spot.” B. F. Floyd (1905), in 
Missouri, described the disease as attacking “leaves, stems, and some- 
times green fruit.” L. Hollos (1907) described the disease in Hungary. 
F, D. Kern noted Septoria lycopersici in 1906 in Indiana. H. T. Giissow 
(1908) gave a full description of the disease. This article, dealing chiefly 
with greenhouse conditions, is an extensive discussion of the fungus and 
the disease which it produces. The symptoms of the disease are dis- 
cussed in detail, inconclusive inoculation experiments are reported, and 
various inferences as to the dissemination of the organism are drawn. 
F. L. Stevens and J. G. Hall (1909) used Septoria lycopersici for experi-. 
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ments reported in a paper entitled “Variation of Fungi due to Enyiron- 
ment.” This article is chiefly devoted to a biometric study of Septoria 
fruiting bodies but from it more or less of a description of the organism 
in pure culture can be gleaned. The Great Britain Agriculture and 
Fisheries Board (1909) again drew attention to the disease in a popular 
article taken largely from Giissow’s. H. W. Barre (1910) noted the dis- 
ease and its importance in South Carolina. J. W. Lloyd and I. 8. Brooks 
(1910), Illinois, gave a brief description of “Leaf-Spot.” H. S. Reed 
(1911) reported damage done by the organism in Virginia and gave the 
most complete description of field conditions of the disease up to that 
time. Long (1913) gave a popular account of the disease under Eng- 
lish conditions. J. B. 8S. Norton (1914), discussing the disease in Mary- 
land, gave the results of spraying experiments, as well as a summary of 
the previous spraying tests of other stations. 


ECONOMIC IMPORTANCE. 


That this disease has long been of importance in different parts of 
the world is apparent from the reports of N. A. Cobb (1902), D. McA1- 
pine (1903), G. Kock (1905), and H. T. Giissow (1908), to which refer- 
ence has already been made. 

In the United States the disease has spread more or less rapidly, par- 
ticularly within the last few years. The damage resulting from it ranges 
from three percent to a total loss of the crop. Practically all the states 
that raise tomatoes to any degree commercially are more or less troubled 
with leaf-spot, as is shown by the accompanying map (Figure 1) which 
summarizes data obtained by a questionnaire, addressed to American 
pathologists. 

The following comments taken from the replies are interesting: 

J. B. S. Norton, of Maryland, in answer to the questionnaire states: 
“The disease causes a loss of 10-25 per cent of our tomato crop. The loss 
will run into hundreds of thousands of dollars, if not a million.” For 
Missouri, Geo. M. Reed writes: “In some fields perhaps 50% of the early 
tomato crop is damaged by this disease.” N. J. Giddings, of West Vir- 
ginia: “It is the worst disease which we have on tomatoes in West Vir- 
ginia.” ©. KE. Durst, of [llinois, states: “This disease coupled with 
Fusarium Wilt is almost driving the growers out of the business of to- 
mato growing in that section (southern I[llinois).” C. W. Edgerton, 
Louisiana, writes: “Not as yet common but seems to be spreading rapid- 
ly. I look for this disease to become serious in this state.” It is note- 
worthy that Septoria leaf-spot has evidently appeared in Louisiana but 
recently. H. S. Reed (1905): “The culture of tomatoes in southwest- 
ern Virginia is becoming increasingly difficult, due to the serious blight 
and point rot diseases, which have attacked this crop annually for the 
past five years.” On the contrary, H. W. Anderson, Wabash College, 
Indiana, writes: “In this region we consider it a benefit, since it kills 
off the leaves near the base of the plant and allows the sun to ripen the 
tomatoes.” 

DISTRIBUTION. 


In answer to a questionnaire as to prevalence, the pathologists of thir- 
ty-four states reported the disease as common from the following: Ala- 
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bama, California, Connecticut, Delaware, Illinois, Louisiana (becoming 
common), Maryland, Michigan, Missouri, New Jersey, New York, North 
Carolina, Pennsylvania, and Wisconsin. (Figure 1). 

A reply to a similar request to the Bureau of Plant Industry, Plant 
Disease Survey (Cotton and Truck Disease and Sugar Plant Investiga- 
tions) for information as to the distribution of the disease brought the 
following: “Reported in 1905 from Alabama, Connecticut, Missouri, New 
Jersey, New York, and Ohio; 1904 from North Carolina and Ohio; 1905 
from Delaware, Maryland, North Carolina, Ohio, and West Virginia; 
1906 from Delaware, Nebraska, New Jersey, Ohio, and West Virginia; 
1907 from Delaware, Illinois (mentioned that it has been present in this 
state for three or four years), Maryland, Nebraska, New Jersey, North 


_- 
Se 
_—— 


ce. 
/ 

' 

‘ 

: 

1 
1 
t 
t 
aN 

{ ’ 
u U 
i 

’ 

( 

ie 
il 

SS 

Ss 
R 
Gly 


id Gm — (hy: i 


Ba == nd ay 


--4--" 


_— 
——+ JUD 7 
I = _—————— SEE 
1 aU 1 Onan OE, ee SES”, 
Sa i 
~ 1 ———s SES 
See Se az SS sl $$ 
pa 
————— 
Sv FS = 
EES, === 
} = sey = ' 
=a ss 


Figure 1. Distribution and relative importance of the Septoria leaf-spot of Tomato, as de- 


termined from a questionnaire to American phytopathologists. Collection records from Michi- 
gan are shown by dots. 


Carolina, Ohio, and West Virginia; 1908 from Delaware, Maryland, New 
Jersey, Ohio, Pennsylvania, and South Carolina; 1909, Delaware, Indi- 
ana, Iowa, Maryland, Nebraska, New Jersey, North Carolina, Ohio, 
Pennsylvania, South Carolina, and West Virginia; 1910 from Delaware, 
Indiana, Kansas, Kentucky, (exceptionally prevalent), Maryland, Mis- 
sissippi, Nebraska, New York, Ohio, South Carolina, Texas, Virginia, 
and West Virginia; 1911 from Delaware, District of Columbia, Florida, 
Illinois, Iowa, Maryland, Massachusetts, Missouri, Ohio, Pennsylvania, 
Virginia, West Virginia and Wisconsin; 1912 from Alabama, Delaware, 
District of Columbia, Illinois, Indiana, Iowa, Maryland, Michigan, Min- 
nesota, Missouri, New Jersey, North Carolina, Ohio, Rhode Island, South 
Carolina, Tennessee, Texas, Virginia, and West Virginia.” The reply 
also notes that “The disease may not necessarily have progressed as 


rapidly as this would indicate but may have been present in all the 
states earlier.” 
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SIGNS. 


The general signs of this tomato disease are conveyed by the popular 
term, “blight.” The growers notice a general unthriftiness in their 
plants, along with a dying of the leaves beginning first with the lower 
ones and gradually advancing upward on the plant. (Plate 1). The 
fruit fails to ripen evenly or rapidly, and with severe attack, the entire 
crop may fail. Such fruit as is produced from diseased plants, lacks 
sweetness and solid matter. This last condition is often complained of 
by canners, although they ascribe “watery” tomatoes to wet season, rather 
than to a fungous disease made severe by the season. In short, all the 
general signs which accompany interference with the photosynthetic 
function are to be expected with this disease. The great reduction in 
leaf surface is accompanied by a reduction of carbohydrate formation. 

Along with these general signs of the disease there are distinct lesions 
on various parts of the plant which allow sure diagnosis. 

The fungus causes lesions upon the leaf, the stem, the fruit and the 
calyx. 


On the Leaves: 

The earliest indication of the disease is a water-soaked spot which can 
be distinguished with a hand lens on the underside of the leaf. There 
is no noticeable discoloration of the tissue at the outset. As the spot 
grows larger it becomes more or less circular in outline and shows a 
definite margin. The affected tisssue darkens, becomes shrunken and 
later appears hard and dry. The color of this spot may vary from 
black to grayish-white. The spots may vary in shape and size from a 
small circular spot of pin-head size to a large irregular spot of about 2 
ecm. in diameter. Not infrequently the spots coalesce. While the tissue 
is shrinking 3-10 small, black, glistening pycnidia appear in the spot. 
Finally, yellowish, mucilaginous masses can be seen exuding from the 
pycnidia. Upon microscopic examination these are found to be iasses 
of long filiform spores. The number of pycnidia in the larger spots may 
be as high as 30. The pycnidia are well defined, visible with the naked 
eye and separate (Plate 2.). Pycnidia may occur on the under side of 
the leaf; usually, however, they occur on the upper side. At this point 
it must be noted that not all spots contain pycnidia when the leaf dies. 
This point will be taken up in detail later. (Page 24). 

About the time of spore exudation, the green tissue of the leaflet con- 
-tiguous to the fungous spot begins to turn yellow. This yellowing in- 
creases, eventually involving the entire leaflet. Then the fungous spots 
which have so far been pliable become dry and brittle. The leaflets grad- 
ually droop and dry on the stalk which later also shrivels up but re- | 
mains attached to the stem until broken off by a slight jar. On tomatoes 
which are staked the disease is sometimes confined to the lower leaves 
(Plate 1). Where the plants are allowed to trail at will, the disease 
may cause almost complete defoliation of the plant, the small tufts of 
young, terminal leaves alone escaping. 


On the Stems: 
The disease is commonly found on the stems. It is manifested by 
small, slightly elongated, dark spots containing pycnidia. These spots 
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are not so clearly defined as those on the leaf. The damage to the stem 
is slight; these spots do not enlarge to form cankers and are not serious 
except insofar as they produce spores for further infection. 


On the Calya: 

Small spots, more or less elongated, occur on the calyx and take a 
form intermediate between those on the leaves and stems. It may be re- 
marked that the differences in form of the spot are doubtless due to the 
texture of the host. 


On the Fruit: 

The disease has never been seen in Michigan as affecting the fruit in 
the field, however, J. B. S. Norton, (1914) states, “The disease may also 
attack the fruit, causing dark spots.” It will be seen later that artific- 
ial inoculation with spores does not lead to infection of fruit, unless 
the epidermis is ruptured. In general it may be noted that the damage 
to the fruit by leaf-spot is negligible. 


ETIOLOGY OF THE DISEASE. 


Previous Work: 

H. ©. Delacroix (1905) states, “In September, 1904, several attempts 
at infection were made. The inoculation made on the leaves without 
wound, simply by placing the spores on them, did not succeed except 
when the surrounding air was thoroughly saturated, and under these 
circumstances, I was successful with but one infection. The eight which 
I tried to inoculate by a very slight scratch on the leaf gave better luck, 
the infection resulting under these conditions were five out of eight at- 
tempts.” The only other recorded attempt to determine the pathogeni- 
city of this fungus was performed by H. T. Giissow (1908). “A water 
infusion of diseased leaf tissue sprayed on a healthy plant.” ‘The whole 
foliage, stem and young fruits were covered with spots.” From the- 
meager experiments of Delacroix the impression that the organism is 
merely a wound parasite would be justified while the experiment of Giis- 
sow is inconclusive. 


Formal Proof of Causation: 

(a) Constant association of organism with the disease: 

Suspected “leaf-spot” material was collected from Earliana tomatoes 
in the Botanical greenhouse. The typical spots were examined. Pyenidia 
were found containing long, filiform, septate spores. Comparing this 
material with descriptions of the fungus from various sources, the fun- 
gus was diagnosed as Septoria lycopersici Speg. 

(b) Pure culture: 

A pure culture was obtained by the ordinary dilution methods. The 
material was carefully washed under a steady, fine stream of sterile dis- 
tilled water. Pycnidia were crushed on a slide and plates were poured. 
These were incubated; later single colonies were transferred to nutrient 
agar. Several days later, these were examined; pycnidia were found in 
abundance, but no spores were present. Portions of mycelium were 
transferred to nutrient glucose agar, potato agar, and tomato agar. In 
eight days pycnidia were found containing typical, long, filiform spores. 
Subcultures on the same media were made and spores produced in such 
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quantities that the white, glistening mass exuding from the pyenidia 
was easily perceptible to the unaided eye. This was very fortunate as 
spores could be obtained free from the mycelium and the other substra- 
tum. (See Plate 4). 

(ec) Production of the disease on healthy. plants by inoculation from 

culture. 

A mass of exuding spores from pure culture was shaken up in sterile, 
distilled water. In the first attempt to produce the disease, thirty-two 
plants were used.’ Sixteen plants selected as checks, were sprayed with 
sterile, distilled water from a DeVilbiss atomizer No. 2. The spore sus- 
pension was sprayed upon the other sixteen plants in the same manner, 
using a similar atomizer. These were all kept under bell jars. 

The result was positive but spots on the inoculated plants were very 
few per leaflet and small. One check plant also showed infection. Many 
leaflets showed no spots at all, and others showed no more than two. 
Considering the number of spores applied, and comparing the results 
with the Van Tieghem cell in which 30% of the spores had germinated, 
the results were not highly satisfactory. 

The following experiment was performed. By means of a platinum 
loop a drop of spore suspension was placed upon a single leaflet; a very 
small piece of ‘White Rose” cotton was quickly spread over it. Twenty- 
five such inoculations were made. The plants were placed in a moist 
chamber, in which there was an arrangement to produce a fine mist 
when desired.” In five days every leaflet inoculated showed typical, 
water-soaked, diseased areas. The uninoculated leaflets were free from 
disease. Pycnidia were evident after ten days and exudation of white 
spore masses thirteen days after inoculation. The advantages of this 
method of inoculation were: the spores were protected by the cotton 
since the moisture collecting on the leaves did not remove them; the cot- 
ton indicated exactly where the inoculation was made; every uninocu- 
lated leaflet was a check on the inoculated leaflet. 

(d) Reisolation and (e) Reinoculation: 

Plates were poured from the exuding spore masses from the pycnidia 
and reisolations were made to tomato agar, nutrieit agar, and potato 
agar. The identity of the recovered organism was determined beyond 
question. The cultures so obtained were used successfully in subsequent 
inoculation experiments. 


Infection Phenomena: 

The Period of Incubation: 

Numerous experiments gave entirely concordant results as to the time 
necessary after inoculation for noticeable lesions to appear. In the 
extensive experiment reported on page 33 the daily observation required 
in this experiment gave abundant opportunity for exact record. The 
first signs of the spots appeared five days after inoculation. In experi- 
ments where inoculations were made on media of various kinds and 
these media incubated among the inoculated plants to insure more or 
less similarity of conditions, it is noteworthy to observe that the colony 
on tomato agar was approximately the same size as the spot on the leaf. 

1This work was done in a greenhouse where the temperature varied from 18° C. to 


25° C, and the ordinary moist greenhouse conditions prevailed. h y 
2A fine jet of water from the tap was allowed to strike the top of a large galvanized iron 
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This set of phenomena indicated that the initial attack of the fungus pro- 
duces little effect on the host, and it is only after several days that the 
fungus, probably by its by-products kills the tissues. While no work 
has been done with the by-products of this fungus, it may be mentioned 
that coincident with the killing of the host tissue occurs the darkening 
of the tomato agar. Experimentation with such produets would 
undoubtedly yield results, opening up a practically untouched field of 
Plant Pathology. 

The Subsequent Development: 

On the sixth day submerged pycnidia could be seen in the inoculated 
leaf. The record with media was similar. On the eighth day the 
pycnidia were erumpent. Sections at this time showed that spore for- 
mation was beginning. On the thirteenth day exudation of spores oc- 
curred and this was taken as an indication of maturity of the spores. 
The record with media paralleled this with the exception that the spore 
exudations were more extensive in the moist test tube. 

Infection and Moisture: 

In the experiments so far reported in testing the pathogenicity of the 
fungus the inoculated plants were left in the moist chamber—sometimes 
in a chamber filled with a fine spray—for a comparatively long period. 
Experiments were later inaugurated to find the approximate number 
of hours requisite in the moist chamber to insure infection. 

Previous experiments had shown that 100% infection followed the 
placing of viable spores on the under side of leaves. The flecks of cotton 
were found valuable as a marker and as a device for preventing the wash- 
ing of the spores from leaf to leaf. Five leaflets each of ten strong vigor- 
ous plants about 7-14 inches tall were inoculated with spores from the 
stock pure culture. Nine*® of these plants were put in the Wardian case 
which was provided with a jet of water which struck the top and broke 
into a fine spray. A plant was taken out at intervals of 6, 12, 24, 36, 48, 
54, 60, and 72 hours after inoculation. Each plant was immediately 
dried by the breeze from an electric fan. After an interval of 15 minutes 
these plants were placed on a shelf in the window of the laboratory. 
After five days all plants showed typical spots on the inoculated leaves. 
The other leaves were healthy. That plant which had not been put into 
the moist chamber showed as typical a case of infection as the others. 
This experiment is in striking variance to the usual experience with 
plant pathogenes, since it is commonly stated that the host must be wet 
for a number of hours at least in order for infection to occur. 

On account of this contradiction the experiment was immediately re- 
peated with exactly similar results. The technique of the two experi- 
ments was alike with the exception that in the second experiment the 
plants were kept in the blast of the fan, following removal from the 
moist chamber, until infection was evident. No variation from the nor- 
mal time was observed. . 

An experiment was then performed in which six small plants fresh 
from the greenhouse were inoculated respectively on the upper and lower 
leaf surfaces with a loop of spore suspension. The atmosphere in the 
greenhouse was such that the plants were in a condition of incipient wilt- 
ing and the water drop disappeared at once. (August, 1914). These 


3One plant was not put into the moist chamber. 
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plants were then set in the direct sunlight on a shelf in the window. Five 
of these plants showed typical infection. 

This experiment was repeated using for inoculation the spore mass 
without making a suspension in water. With a platinum needle a 
minute portion of this spore mass exuding from a pycnidium was trans- 
ferred to the leaflets of five plants. The results were similar. All plants 
were infected after five days. This experiment was performed because it 
was thought that the drop of spore suspension evaporating, drew the 
spores into the substomatal chamber. The results indicate that this hypo- 
thesis is untenable. 

The interpretation of this experiment is rather difficult. There can 
be no doubt that an extremely small amount of water is necessary to 
enable the spores to germinate and enter the tissues. This water may 
be the small amount held upon the leaves, but this is difficult to credit 
in view of the experiment just reported. The moist air of the substo- 
matal chamber may be concerned. The mucilaginous spore wall un- 
doubtedly clings tenaciously to a small amount of imbibed water. A 
fact to be taken into consideration in the interpretation of these results 
is that the spores do not germinate in less than 24 hours in a Van Tieg- 
hem cell or on a moist slide. Combining this with these experiments, 
the results appear most striking. It is possible that the temperature 
factor is important in this phenomenon.* It is evident that if the spore 
reaches the leaf, regardless of the agent involved, the spore will cause 
infection, providing the temperature is favorable for the development of 
the mycelium. It may be that in the case of other fungi as well, current 
ideas on the necessity of water films and dew for long periods in order 
to produce infection may be based wholly upon inference. 


PHYSIOLOGICAL AND ECOLOGICAL RELATIONS OF THE CAUSAL ORGANISM. 


Germination: 


To observe the spore germination and subsequent colony formation in 
various media, the following method was employed: Petri dishes con- 
taining Van Tieghem cells were arranged according to Duggar’s (1910, 
p. 59) method. Blotting paper was perforated so that small glass rings 
would be held in place while being sterilized. (Plate 3, Fig. 1). The 
media used were cornmeal agar (see appendix), potato glucose agar, 
nutrient broth, nutrient glucose agar, tomato leaf agar, and distilled 
water. Solid media, from which hanging drops were made, was melted 
and cooled to approximately 42° C. An exuding mass of spores was 
shaken up in each tube. Each Petri dish as described above contained 
seven Van Tieghem cells. A different medium was used in each Petri 
dish. Each hanging drop of the medium contained 4-6 spores. 

Thus it was possible to make germination studies and observe de- 
velopment (under the microscope) until the organism had attained mac- 
roscopic size. The exact time elapsing before germination was diffi- 
cult to determine, due to the manner of development of the spores. The 
first signs are manifested in a pronounced swelling of the spore to al- 
most twice the original diameter. Regular, well-defined vacuoles ap- 
peared surrounded by dense protoplasm, which made the spore look 

4These experiments were performed from August 15 to 31. 
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like a chain. This condition appeared in all the media at the end of 
twenty-four hours. At the end of 56 hours the end cells of the spores 
had grown somewhat irregular, slightly tapering, and somewhat nar- 
rower than the middle cells. The elongation of both ends of the spore 
preceding the formation of definite germ tubes was of general occur- 
rence (Plate 9, Fig. 3). Exceptions to this were seen when the number 
of spores in the hanging drops was increased so that the spores touched. 

After 48 hours, germ tubes were formed varying from 1 to 4 for each 
spore. The germ tube may grow from any cell. (Plate 9, Figs. 1 and 2). 

One may consider the germination of the spores as beginning either 
with the formation of the definite germ tube or with the growth from 
the terminal cells. In many spores instead of developing germ tubes 
immediately, the terminal cells elongate and then branch. The other 
cells in the spore may or may not send out germ tubes. For the first 
four days, the germination phenomena and initial colony formation are 
much alike in various media (Plate 9, Figs. 4 and 5). With the subse- 
quent growth, differentiation takes place. 

In the Van Tieghem rings with nutrient glucose agar and potato glu- 
cose agar a very luxuriant growth took place. The four-day-old colonies 
were readily visible to the unaided eye. The hyphae were richly branch- 
ed, with prominent oil drops, and were very striking because of their 
irregular contour. (Plate 9, Fig. 7, Plate 8, Fig. 5). After six days, the 
medium became brown, and after eleven days, the mat-like stroma was 
so thick that observation with a microscope was impossible. 

In distilled water the ring cultures made but slight growth other than 
germination and no sporulation was seen. 

Cornmeal agar and tomato-leaf agar gave a moderate growth in mark- 
ed contrast to the media rich in sugars. After four days, secondary 
spores—long filiform structures arising from small papillae on the my- 
celium—were found in tomato-leaf agar and two days later in the corn- 
meal agar. After eleven days, some of the threads of mycelium became 
dense brown. (Plate 9, Fig. 6). This condition was found in both corn- 
meal and tomato-leaf agar. (Plate 8, Fig. 4). Pycnidium formation was 
noticeable after the eleventh day. (Plate 9, Fig. 8). 

In nutrient broth cultures, a diffuse rapid growth took place. The 
hyphae were narrow and. regular, and were not profusely branched. On 
the sixth day, secondary spores were found. Five days after formation 
it was found that these secondary spores had germinated forming hew 
colonies. (Plate 8, Fig. 3). Others produced secondary spores imme- 
diately after elongation (Plate 8, Fig. 2). After eleven days pyenidium 
formation was evident throughout the culture. 


The observations may be summarized as follows: 

1. Spore structures, evidently secondary spores, are formed abund- 
antly in various media. These may germinate and form new colonies. 
This contradicts Delacroix (1900) who states, “The stylospores germin- 
ate easily in water and nutritive liquids by the production of a septate, 
branching filament without the formation of secondary spores.’ 

2. The presence of a distinct type of mycelium; whether this mycel- 
ium is a special stroma or pycnidial mycelium has not been definitely de- 


5As the nutritive liquids used were not mentioned, repetition of Delacroix’s experiment was 
not possible. 
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termined. It is believed that these hyphae (as a base) become asso- 
ciated with the hyaline hyphae to form the pyenidial wall. It might be 
mentioned that all media become strongly browned immediately after 
the pycnidia begin to form. The source and nature of this browning 
must remain for future investigation. 


Growth on Media: 

Macroscopic Cultural Observation: 

The following media were used: Cornmeal agar, nutrient Paes agar, 
prune juice agar, tomato agar, nutrient saccharose agar, nutrient broth, 
bean pods, potato plugs, tomato leaves, tomato stems, cornmeal and 
rice. 

Spores from pure culture were inoculated into three tubes of double 
distilled water so that a microscopic examination gave about 36 spores 
in a loop. One loop of spore suspension was introduced in each tube 
of media. This experiment was carried on in triplicate, one tube being 
sealed with sealing wax,® three tubes of each medium making up one 
series. Five of these series were arranged. These were allowed to grow 
at room temperature for 48 hours; Series 1 was placed in the greenhouse. 
under the plants that were severely affected with the disease (Approx- 
imately room temperature); Series 2 in the ice box, (Approximately 
12°) ; Series 3 in 3714°; Series 4 (room temperature, about 21° C.) on 
shelf in the window of the laboratory; Series 5 (room temperature) dif- 
fused light. 

In the accompanying table the growth on different media for 3, 6, 8, 
10, 12 and 18 days respectively is described for Series 1. Series 3 made 
no growth whatever at 37 14° and after ten days was placed at room 
temperature but did not revive. All the other series were so nearly 
identical that it is needless to differentiate between them. The organ- 
ism made no growth on bean pods. Tomato agar and cornmeal agar 
were found to be the best media. In the former the growth simulated 
more closely than in any other medium, the growth on the leaf. The ex- 
cessive stroma production found in other media was absent. The pyc- 
nidia were separate and distinct, the development almost identical as to 
the time necessary for pycnidia production after inoculation. The to- 
mato agar seemed to inhibit the growth of molds and bacteria when 
plates were poured from field material. The use of the autoclaved to- 
mato leaf was also very satisfactory, although here no definite spots or 
colonies were formed, the growth being diffuse. 

The following table gives the result of this experiment: 


“Reported on page 23. 
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Relation to Various Factors: 

Desiccation : 

Exuding spore masses from a pure culture, in which spore masses had 
just appeared were transferred to 15 sterile cover slips in a Petri dish. 
A spore suspension was made from spores from the same culture and a 
drop of it was placed on each of 15 other sterile cover glasses. These 
were kept in a sterile Petri dish when dry. After varying lengths of 
time (see table) these slips were lifted with a sterile forceps and plant- 
ed in tubes to tomato agar. The results were as follows: (-++) indicat- 
ing growth; (—) no growth. 


TABLE 2.—EFFECT OF DESICCATION: TEST WITH SPORE MASSES AND SPORE 


SUSPENSION. 
Started 9-11-14. | Started 9-14-14. 
Spore Masses. Spore Suspension. 

9-11-14 9P.M. + | 9-14-1410 A.M. + 
9-12-14 9P.M. + | 9-15-1410 A.M. + 
9-14-1410 A.M. + | 9-16-1410 A. M. + (?) 
9-15-1410 A.M. + 9-17-1410 A. M. + 
9-16-14 10 A. M. — | 9-18-1410 A. M. — 
9-17-1410 A. M. — | 9-19-1410 A.M. — 
9-18-1410 A. M. — 

9-19-1410 A. M. — 


This experiment determined the resistance to drying as well as the 
lack of influence of the matrix upon this resistance. This experiment 
shows that the spore, whether in mass in the mucilaginous matrix or 
isolated will not resist drying more than four days. The practical appli- 
cation of this experiment is obvious. 

Heat: 

As was indicated (Page 17) an entire set of cultures on various 
media were incubated at 3714° forty-eight hours after inoculation at 
room temperature (23°). These failed to develop. Furthermore, after 
taking these out, fifteen days later, and allowing them to remain at 
room temperature for four weeks, no sign of growth was evident. 

This was verified by inoculating 10 tubes of tomato agar; five were 
placed in 3714° C. incubator, five were retained at room temperature 
(about 23° C.). The tubes which were incubated at 3714° C. failed 
to develop, while the check tubes developed normally. The tubes were 
removed after 5 days and kept at room temperature but did not revive 
after being kept one month at 23°. 

Observations in the field and of material sent in from various sources, 
indicated a peculiar range in the size of spots. Pyenidia were present 
but the actual spot formed varied greatly. Some leaves would show 
numerous small spots separate and distinct from one another, covering 
the entire leaf. On some leaflets the disease was manifested as one large 
spot. These variations might be dismissed as due to weather conditions. 
But, if it is possible under ordinary weather conditions to find spots of 
pin-head size, may it not be that there are some weather conditions which 
entirely inhibit the development of the organism? That this hypothesis 
is tenable has been demonstrated by experimental evidence. Inocu- 
lated tubes of cornmeal agar were allowed to develop for 48 hours and 
were them placed in an incubator at 29°. These did not grow further in 
the incubator. However, when taken out to room temperature these re- 
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vived and grew normally. In this experiment two tubes were taken out 
each consecutive day after being placed in the incubator. When compar- 
ing all the tubes after ten days, the checks which were not put into the 
incubator at all, showed the greatest development, while the other tubes 
indicated a gradual lesser development respectively until finally the 
tubes taken out on the day of observation showed no development. All 
the tubes grew normally at room temperature maintaining a difference 
in growth as indicated by inhibition for 24 houfs. That this is import- 
ant practically, is obvious. It opens up a line of investigation which 
might make it possible to know what kind of weather is favorable to 
the fungus not from observation and hearsay but from actual labora- 
tory tests. The lack of apparatus made it impossible to make these in- 
vestigations more extensive. 

However, to determine whether this would be verified on the living 
plant, the following experiment was performed. Two tomato plants of 
the same age and size were inoculated in the following manner. A spore 
suspension was made from a pure culture and one loop of this suspen- 
sion was used for each inoculation. Twenty inoculations were made on 
each plant, ten on the lower surface of the leaf and ten on the upper 
surface. One plant was placed in the cool part of the greenhouse and. 
the other was placed in the warmest part of the greenhouse. The first 
plant was placed at an average temperature of 23° C., and an average 
humidity of 63%. (These averages obtained from Lambrecht polymeter 
readings made several times a day). The second plant was placed so 
that the average temperature was 28° C. while the average humidity was 
55%. All inoculations were successful. The plant under the cooler 
conditions showed difference in the lesions produced depending on 
whether upper or lower surfaces were inoculated. The inoculation on 
the upper surface gave spots 2-3 mm. in diameter, while those on the 
lower surfaces gave larger dead areas, 4-6 mm. With the plant at the 
high temperature, the spots produced by inoculations on the lower sur- 
face closely resembled those of the upper surface of plant 1, while the 
spots resulting from inoculations on the upper surfaces of the leaves 
were mere points. Eight infections of the ten were less than 1 mm. in 
diameter and the other two were but slightly larger. 

This experiment indicates the difference in results obtained with up- 
per and lower surface inoculations. There is also shown the effect of 
high temperature in inhibiting this organism while in the plant. In- 
cidentally, this experiment indicates that a saturated atmosphere is not 
essential for infection to take place. The small loop of spore suspen- 
sion with which the inoculation was made, disappeared almost at once 
when placed upon the plant. (See page 14). 

Thermal Death Point of Spores: 


This was determined by the method advocated by Novy (1899, p. 515) 
for use with bacteria. A spore suspension in 100 ce. of sterile distilled 
water was made using spores from a pure culture containing exuding 
masses 2 or 5 days old. These spores were placed in a shallow dish and 
then allowed to rise 5 or 8 cm. in a thin-walled capillary tube made by 
drawing out a sterile glass tube of about 4 mm. diameter. After the sus- 
pension had been drawn to the requisite height in the tube, the height 
can be determined by the slant at which the capillary tube is held, the 
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end which dipped in the suspension was sealed in the flame of a micro- 
burner. Then the capillary tube was scratched with a file about half an 
inch beyond the liquid, broken and sealed. At one time about two dozen 
such spindles were prepared, and were ready for use in the experiment. 
he use of such small quantities of spore suspension in thin-walled tubes 
enables the entire mass to reach the desired temperature quickly after 
submersion in the water bath. 

A series of water baths made of heavy cast iron were filled with water 
at the desired temperature. Hach bath was equipped with a Bunsen 
burner. By varying the height of the flame and frequent observations, 
it was possible to maintain the temperature within the range of 1% de- 
gree. Temperatures ranging from 40° to 60° C. by gradations of 214 
degrees were used. After an exposure of ten minutes the spindles were 
removed and dropped into cold water. A nick was filed near one end, 
then the tubes were rinsed in HgCl,, followed by two changes of sterile 
water. One tip was broken off with flamed forceps. By gently heating 
the unbroken tip the contents of the tube were quickly forced out into 
the test tubes of media. The results were as follows: 


TABLE 3.—THERMAL DEATH POINT OF SPORES: TEST WITH CAPILLARY TUBES 


40° + 522 — 
421 + ge 
450 + ye = 

ete 60° — 
HUN sen G9) 


\ 


It may be concluded that the spores will not grow after being sub- 
jected to 5214 degrees for ten minutes. However, it is worthy of note 
that the number of spores which germinated and grew in tubes 40°— 
421,—45, were much more than that of 4714° and 50. At 50 only 6 
colonies grew; at 4714, 15 colonies, while at 40—4214—45, the growth 
covered the entire surface of the medium and appeared exactly similar 
to check tubes. This resistance of certain spores raises the question 
whether these spores are especially heat resistant due to protoplasmic 
properties and whether the growing of these would give a heat resistant 
strain. This unfortunately could not be followed to a conclusion. 


Relation to Light: 

The Influence of Sunlight: 

Three plates of cornmeal agar were poured using exuding spores from 
a pure culture. Two plates were exposed to the sun for three hours. 
After three days colonies were in evidence, with no perceptible difference 
in growth of exposed plates and check. Five inoculations were made on 
young tomato plants and exposed to the sun from 11:00 A. M. to 2:00 
P. M. Five inoculations were made as checks. The inoculated plants 
developed typical infection, showing that for a period of at least three 
hours the sun had no effect upon the development of the organism. This 
verified the results obtained by exposing the spores in poured plates of 
cornmeal agar for the same length of time. 

Comparison of Growth in Light and Dark: 

Fourteen tubes of nutrient glucose agar were inoculated with exud- 
ing spores from a culture upon tomato agar. Seven tubes were wrapped 
in black paper (such as is used to cover photographic films). These 
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were placed in a closed tin vessel and with the checks were placed in a 
dark corner of the room. After seven days, examination showed no dif- 
ference excepting those in the light developed aerial mycelium. This 
was absent in the tubes which were covered. 

It has been mentioned above (page 17) that in the experiment dealing 
with the growth of the organism on various media, Series 1, was placed 
in the greenhouse under the plants which were severally attacked by the 
disease. Series 2 was in the ice box. Series 4 on shelf in the laboratory 
window and Series 5 in laboratory but in diffused light. The results in- 
dicated that these series were indistinguishable in their development. 

Relation to Oxygen: 

Tt was mentioned also (page 17) that the experiment was carried on 
in triplicate, one of which was sealed. When these were examined it 
seemed that some tubes showed exactly similar development to the un- 
sealed while others of the sealed tubes indicated a very scanty growth. 
This incongruity was explained when it was found that every “sealed” 
tube which appeared similar to the unsealed tubes had developed small 
pin holes in the sealing wax. While conclusions can hardly be drawn 
from such an accident it may be well to note that there was no grada- 
tion from the sealed to the unsealed; the pin holes evidently serving as 
efficiently for the air supply or circulation as the larger and loose cot- 
ton plugs. In the tubes which were competely sealed, slight develop- 
ment was evident, but no pycnidia were observed. 


Dissemination: 

The connection of the organism to some ascomycete is commonly postu- 
lated. This postulate receives support from analogy with other Sep- 
torias (Klebahn, 1908). Potebnia (1910, p. 167) has expressed the opin- 
ion that the viability of conidia of a Septoria after wintering indicates 
loss of the ascomycetous stage. This certainly finds no substantiation 
in other ascomycetous life cycles, and is not sufficient ground for elimi- 
nation of the possibility of the possession of an ascus stage. Attempts 
were made to find this hypothetical ascomycetous form, but were un- 
successful. Affected leaves were buried at various depths in the ground, 
November, 1913.7. .A careful examination of this material in March, 
April, and May, 1914, failed to reveal an ascus form. Old, diseased 
stems from the previous year’s crop were examined with negative re- 
sults. Dried pure cultures on cornmeal were examined, revealing no 
perfect stage. 

It is noteworthy that on the wintered stems and leaves a remarkable 
increase in the fungus thallus had occurred, forming a conspicuous 
stroma, in which the pycnidia were immersed, without however, the loss 
of identity of the pycnidial walls. Statements, without citation of ex- 
perimental work, have been made that the fungus lives over on the 
irash, (Cook, 1915, Stuckey, 1915), and on greenhouse frames and sashes 
(Gtissow, 1908). Spores from pycnidia found upon wintered over vines 
were put in Van Tieghem cells. Ten per cent of the spores showed ac- 
tive germination. It cannot be definitely affirmed that this is the only 

7Two pieces of wire mesh (4 mm.) 12 inches square were used for this purpose. These were 
lined with a thin layer of cotton which was thinly covered with fine sand. Infected leaves 
and stems showing abundant pycnidia were placed between these wires. This was submerged 


in a sandy loam soil near the greenhouse at an angle of 30° with the surface of the soil, 
the top slightly projecting, exposing about 3 inches of the wires. 
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source of infection in the field. The possibility that Septoria lycoper- 
sici may have some ascomycetous stage must necessarily hold in abey- 
ance the problem of primary infection. It is very probable that part of 
the infection, at least, is produced by pycnidia in the old trash. The 
greenhouse or hot bed in which young plants are grown is an important 
source of infection. Seeds are planted under glass three or four weeks 
before they are set out in the field. Allowing five days for germina- 
tion and appearance of the cotyledon there is a period of nearly three 
weeks in which the fungus may spread. As has been shown the period 
from the time of inoculation until the time of spore formation, is on the 
average 13 days under favorable conditions. Thus at least one second- 
ary infection is possible after the primary infection. This infection 
usually shows as a series of spots about the older spot and is doubtless 
due to the floating out of spores from the exudations of the first formed 
pycnidia. Because of the comparatively long period between inoculation 
and spore formation, leaves are frequently found with large blotches and 
comparatively few pycnidia. These blotches with only a few pycnidia 
might be mistaken for the lesions of Alternaria solani. 

The diseased cotyledons soon fall off and the plants are seemingly 
clean but a latent colony may be present on the leaves. 

Numerous instances have been reported of the appearance of the dis- 
ease in greenhouses in which tomatoes have never grown before. This 
indicates the possibility of transferrence of the fungus on the seed. 
Washings from tomato seeds have been centrifuged and examined re- 
peatedly without successful results although the spore is characteristic 
enough to enable recognition. 

It is believed, however, that the main source of infection is the trash 
from a previous tomato crop. It has been repeatedly demonstrated that 
rotation of crops diminishes the severity of Leaf-spot. If the infec- 
tion came principally from the greenhouse, this rotation could hardly 
be so effective. 

The agencies, aside from man, by which transferrence takes place are 
mainly water, and wind. The matrix in which the exuding spores are 
embedded holds the spores upon drying. These spores can be released 
only when soaked and in this condition they may be washed down by 
dew or rain. In culture pycnidia with exuding spores have retained 
those masses for a period of 3 months without dislodgment or germina- 
tion. After this time tomato plants were inoculated with a suspension 
of spores and typical infection resulted. The matrix may have more or 
less of an inhibitory effect on the spores. A mass of spores from a newly 
formed exudate was placed in hanging drops but no germination result- 
ed. Yet this retardation of germination may be due to the effects of the 
spores on each other, a condition strikingly illustrated in heavily seeded 
plates. (Stevens and Hall, 1909). 

The dew washes or floats the spores about on the leaf. This causes the 
secondary infection which has been described. A large number of spots 
on the leaf usually do not develop pycnidia before the leaf dies and 
shrivels up. However, this dead, dried leaf which falls to the ground, 
if kept at all moist, has been found to develop mature pycnidia and 
exude spores more profusely than upon the living plant. 

The important agency in dissemination is the splashing of the rain. 
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The rain may carry the spores from the old, diseased leaves on the 
ground to the healthy leaves above, or from the diseased leaf to the 
leaves surrounding it. It will be recalled that in staked tomatoes the 
disease progresses upward beginning at the lower leaves. It is a signi- 
ficant fact that the spots on the lower leaves are large, indicating infec- 
tion from the lower surface, while the top leaves show the characteris- 
tics of upper leaf surface inoculations. 

The relation to water was demonstrated in the greenhouse. Twelve 
plants were grown and staked. The cotyledons of these plants were 
diseased. These were not removed and were allowed to fall off. The 
plants were watered from above twice every twenty-four hours. After 
two weeks all the lower leaves developed typical leaf-spot. Two weeks 
following, these lower leaves developed a number of secondary spots and 
were beginning to shrivel and dry up. The leaves above these were in 
about the same stage as the first leaves two weeks before. The disease 
spread rapidly progressing upward on the vines. When the disease had 
advanced about 3 feet above the soil level, 10 healthy tomato plants 
were transplanted between these diseased plants. Watering from above 
was discontinued, being replaced by careful irrigation. The plants set 
between the diseased plants did not develop the disease even after twen- 
ty-five days. Watering from above was now resumed and in six days 
the leaves of all the young plants were covered with spots. 

This experiment determines the fact that the spores do not fall or float 
from the pyenidium as soon as produced but adhere in a mass until © 
liberated by water. In answer to the criticism that infection did not 
take place because of the dryness of the leaves, it may be said that the 
greenhouse was always humid and furnished ideal conditions for spore 
germination. The experiments already reported demonstrating the inde- 
pendence of infection and humidity also remove any objection to this 
interpretation of the foregoing experiment. 

The wind, as an agency in the spreading of spores, may be considered 
as carrying the dust which contains the spores, thus inoculating other 
plants. The spores germinate in a filtered soil infusion, secondary 
spores being produced. Viable spores have also been found in the soil 
about diseased plants. However, experiments performed to determine 
the development of the organism in the soil yielded negative results; 
considering that exuding spores are washed down on the soil from the 
diseased leaves, it is very probable that the dust must be considered as 
an agency for dissemination of the fungus, limited however, by the length 
of time the spores can stand drying and the disintegrating action of 
the soil. 

fn this connection the difference in type of infection on upper and 
lower leaves may be significant. The lesions on the lower leaves are 
of the type to indicate infection from the lower leaf surface. It is easy 
to conceive that the top leaves—especially when the plants are staked 
—are out of the zone reached by splashings of rain, but especially open 
to infection brought by falling dust particles. 

That man is an agent in spreading disease is very evident. In cul- 
tivating the plants when they are wet, the spores are transferred to all 
parts of the field by the machinery coming in contact with the sticky 
spore masses or upon the clothing. Instances of dissemination in this 
manner have been observed, 


= 
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MORPHOLOGY OF CAUSAL ORGANISM. 


The Spore: 

The spores of the Septoria stage are filiform and hyaline varying from 
60-120 microns in length to 2-4 microns in thickness, divided into from 
5 to 9 cells. The thickness of a spore is not uniform throughout. The 
shape of the ends varies from pointed to globose. (Plate 8 Figure 1). 


The Mycelium: 

The mycelium of this fungus is composed of frequently septate, vacuo- 
late threads. These threads have a diameter of from 2 microns to 3 
microns. The mycelium may be said to show two types—the hyaline 
thin-walled type, and the dark, closely-septate, heavy-walled type. The 
former predominates during the vegetative stages of the growth while 
the latter precedes the stroma and pycnidium production. The character 
of these types of mycelium is brought out by figures. (Pls. 7 and 8). 


The Pycnidium: 

A number of tubes of tomato agar, cornmeal agar, and nutrient glu- 
cose agar were inoculated with a pure culture. At the end of every 24 
hours after the colony was visible to the naked eye, material from these 
tubes was killed in Flemming’s medium fixing fluid. Material was killed 
on successive days until exuding spore masses were in evidence. 


The following schedule was followed: 


Blemming*s'medinm:s 3.3) see kei seek aliee ak ee Bolom: chee teeter SoC eee 24 hours 
Washed in'mimning tap water... ce he oo ee isos cin cchcaes chatoeeelel eo ctetsia Ulett See eee ey eae eae 6 hours 
5! ALCOHOL To ice) Baa cee ake secs eee tno eee soc tas Te toe noes or ee 15 minutes 
39% AlCOHON cic) s diced Sacco reste aheiaeowats. a3) des je otorohe gees, Sirens siti asa Sew Lee Luau ekere rene ioe eee 30 minutes 
507 AlconOl? Pa eee Nee Be ee TR eo eee a ene ee 1 hour 
TOM xAlCOHOL ss; |), Sacks hata ialehcke lee Movs Bieiels eave GoD Danita PPI Oe eaattiva De ee eee Over night 
SOM, PAICOHOL:. Peers 55 Seteeos re eters HR ees She thn eet ca heres OR enc cohen epee U ee ole we Ramen RS teen eee 2 hours 
O57 ZAlCONOL vas. 5 ease Ne Rete eS BO © 4 Re sae ee ante Bee Aen 2 hours 
Absolute Alcoholics: S52 4o os ike, cote ease ae eC ol eene a ee 2 hours 
4 Cedar’ Oil — 3 ADSOlUte finch cae. hs Pela oe Se ee eee ee eter eee 1 hour 
4. Cedar Oil: A DSOlute irs see ors Re ee oe Be ea aon ee ee 1 hour 
(Glos FSO Ot Re rn ne an RS es Se in Se ee Mian Peed oe ENC a Tn TU TA heer. o Lyd co 1 hour 
Cedar. Oil | paraffin si Khe and. nti ete rs Be ee ae ee ete ae hit oe eee eee 6 hours 
PATA Er aro hens aye Gok eaaie bet G8) ONEINE TS bala BESET OLD ie, OCOD SURG Ste ra OREO: os an 2 hours 


Transferred to new paraffin (52°) and embedded after 2 hours. Some sections 5 mm. thick were 
made. Stains used; Flemming’s Triple, Delafield’s haematoxylon, Haidenhain’s haematoxylon. 

Continuous efforts were made to obtain results with Delafield’s haematoxylon and eosin as described 
by Durand (1911), but with no success. Although the time which the slide was immersed in eosin was 
varied from 2 seconds to 5 minutes, the carbol turpentine was inadequate to remove the excess stain. 
Durand’s method was then changed in a single particular and excellent differentiation resulted; after 
immersing the slide in eosin, the excess stain was washed off with absolute alcohol for a second, then was 
immersed in carbol turpentine and was mounted in balsam. The result was that the mycelium became 
a deep red and was very easily distinguished from the surrounding tissue. 


As a result of a study of a culture on tomato agar after 62 to 96 hours, 
the following steps in pycnidium formation were observed: 

The mycelium begins to anastomose and interweave, becoming brown- 
ed, resembling a closely woven net, so that the fungous tissue seems to 
be made up of individual cells more or Jess rounded in shape. This small 
oval body increases in size while the surrounding mycelium sends out 
‘branches which augment this globose body. This enlarging continues 
24-92 hours. At the end of this time, the pycnidium consists of a hol- 
low, globose body, without an ostiole, and is 100-375 microns in dia- 
meter, with a few strands of mycelium crossing the cavity within. (Plate 
5. Mig, 4). 

Spore formation takes place in the same manner as described in the 
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formation of the secondary spores, except that no definite elongated pro- 
jection that might be considered as a well differentiated conidiophore is 
formed. The cells that give rise to the conidia are hyaline, resembling 
the peridial cells and can be traced to the brown thread from which they 
have arisen. Spores are produced to such an extent as to burst open the 
peridium at its weakest point and form an exuding spore mass some- 
times twice as large as the pycnidium from which it arose. Usually 
that part of the peridium that is exposed is entirely broken up by the 
mass of spores. Plate 4, Fig. 1 illustrates this observation. In the pyc- 
nidium shown, (Plate 7, Fig. 2), the weakest point of the wall must 
have been submerged in the agar so that the thick part of the wall ex- 
posed to the air remained intact, while the exuding mass forced itself 
into the agar. 

However, for complete elucidation of the method of pyenidial forma- 
tion of this fungus, the development and formation of the fruiting body, 
must necessarily be studied in the host. Hight plants were inoculated. 
After three days, just as soon as the infection was visible as a small 
water-soaked spot, material was killed in Flemming’s strong medium. 
Material was killed every day until the exudation of the spore masses 
began. The formation of pycnidia and spores was found to be identical 
in every particular to that described for agar cultures. The develop- 
ment of the pycnidial wall takes place in an exactly similar manner as 
in artificial media. After the “balling” up of the mycelium, the hollow 
case grows larger and larger, after which the spores are formed. These 
same sections also allowed the nature of the forces acting on the pyeni- 
dium to form the ostiole to be definitely determined. Due to the rela- 
tion of the pycnidium to the surrounding tissue, the mature pyenidium 
finally comes to possess a more or less broad ostiole as has been pointed 
out by previous investigations. The steps in its origin seem to be as 
follows: 


Soon after the pycnidium begins to form, two forces are in evidence: 
1. That brought about by the enlargement of the pycnidium. 


2. That brought about by the shrinking of the adjoining tissues of 
the leaf (a condition which can be readily seen with the unaided 
eye). The enlargement of the pycnidium may cause a rupture of 
the epidermis of the host by an upward pressure or if the fruit- 
ing body be completely embedded within the leaf tissue, there is 
no rupture of the epidermis. 


While this fungous wall (only 3-5 cells) is pushing itself outward, the 
surrounding tissue is beginning to shrink due to the activity of abund- 
ant mycelium in the surrounding tissue of the latter, while the epider- 
mis which had previously remained attached to the top of the pycnidium, 
begins to exert a dismembering force on all sides of the pycnidium. The 
great excess of this tension over the strength of the wall results in the 
pulling apart of the pyenidium and the formation of the so-called “os- 
tiole.” (Plate 7 shows this very: clearly.) Along with this, the 
pressure of the spore mass no doubt, contributes to the rupture by its 
action at the point of greatest tension. In event, however, the pyenid- 
ium is formed within the tissue so that it does not protude above the 
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surface of the leaf, or as in many cases only slightly, with the peridium 
remaining intact, the only factor entering into the forming a “broad os- 
tiole” is this pressure of spores. Spores begin to form after the peridium 
has developed exactly as they are produced in culture (see above). As 
soon as one spore is formed another arises from the undifferentiated 
hymenial layer. In such a manner, spores are produced in great abund- 
ance until they completely fill this pyenidium. ‘This mass of spores 
becoming larger and exerting a gradually increasing force upon the thin 
3-5 celled wall, suddenly breaks through this pyenidial wall at the point 
of least resistance. This point of course is usually the part of the pye- 
pidium nearest the upper or lower epidermis of the leaf. At no time 
has a definite pre-formed ostiole been observed in culture or in the leaf. 
In culture, the mass of spores finding the weak point in the pyenidium 
in the submerged part of the fruiting body, forces itself into the agar 
(Plate 7, Fig. 2) breaking off the lower half of the wall, the remains of 
which were easily determined. It will be recalled by those who have 
seen various Sphaeropsidales in culture that the presence of an ostiole 
can often be clearly distinguished before spore exudation. The entire 
pyenidial formation in this fungus is strikingly different from that in 
the regular ostiole-forming pycnidia. There is no doubt but that in this 
matter of presence or absence of ostiole we have a phenomenon which 
could readily be made of taxonomic significance. (Von Hohnell 1911). 


The Name of the Causal Organism: 

Recently Diedicke (1912) in his critical revision of the Genus Sep- 
toria, limited this genus to forms whose fruiting layer is enclosed in a 
pseudopycnidial case, which is equipped with a more or less broad open- 
ing. This work was strongly confirmed by the previously published 
work of Klebahn (1908) and Potebnia (1910). At this point the work 
of Potebnia may be cited rather fully. 

In a chapter on Septoria, Phleospora, and Rhabdospora he writes, 
“These three genera were in general placed with the Sphaeropsidales, 
while in Saceardo’s Sylloge (III, 577; XI, 398; XXI, 975) the position 
of the genus Phleospora is not determined and is placed with both the 
Sphaeropsidales and the Melanconiales. Those species belonging here 
which were studies by me show that the three genera are closely related 
and properly do not constitute typical Sphaeropsidales forms, because 
the fruiting bodies are not built as typical pycnidia. The commonly 
tender wall of the fruiting body consists of a network of hyphae, which 
lines the cavity in the leaf tissue made by the destroying activity of the 
fungus. Such fruiting bodies are named “Pseudopyenidia.” The de- 
velopment on artificial substrata in the majority of species of the three 
genera studied is in agreement. At first the conidia-forming mycelium 
is produced, then there arise the “Klumpen” or “Ballen,” in which Kle- 
bahn has shown for Phleospora ulmi, pycnidia (Septoria or Phleospora), 
and micropycnidia (Phyllosticta) are formed.” 

So firmly convinced is Diedicke (1912) of the potency of this dis- 
tinguishing characteristic and of, its taxonomic importance, that he 
would exclude all forms lacking this pseudopyenidium from what he 
considers true Septorias. This he has already done with at least two 
species. Diedicke would put the forms possessing Phoma-like pycnidia 
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into the genus Rhabdospora. Thus in this classification the limits of 
Rhabdospora are circumscribed, and the old distinction emphasized by 
Allescher (1901). The occurrence on stems as contrasted with Sep- 
torias’ occurrence on leaves, is discarded. Recent work on the Sphaerop- 
sidales has proved the highly artificial character of this distinction. 
(Hedgecock, 1904, Harter, 1914). 

The writer is wholly in accord with revisions of old genera when such 
revisions are based upon comparative morphological work with adequate 
materials. Adequate materials must be taken to mean fresh material 
from the host and from cultures rather than the fragmentary, dry ma- 
terial from exsiccati. Hand sections from their very meagerness and 
uncertainty cannot be relied upon. Without, at present, going into the 
merits of the case, this paper records the strong difference of morphology 
in Septoria lycopersici from that found in certain other Septorias, (Po- 
tebnia, 1910; Diedicke, 1912; and others). 

If the name Septoria is to be applied to forms having pseudopycnidia, 
then a new genus must be provided for the tomato organism. At pres- 
ent more than 25 Septorias are being investigated in a similar manner 
to that described in this organism, and decision is withheld pending 
these studies. Accordingly the old genus name is retained. 


The Species Name: 

Spegazzini (1882)° first found the fungus in Argentina, South Amer- 
ica. The Italian investigators noted a discrepancy in the description as 
applied to the Italian form, for Briosi and Cavara (1889) in their de- 
scription of the fungus, state: “The leaves of the tomato attacked by 
this fungus show very numerous roundish or oblong spots, yellowish or 
ash colored with a thin darker margin. Perithecia appear on the upper 
surface. There also are found some on the lower surface of the leaf.” 
“The perithecia are immersed in the tissue of the leaf, and have globose 
form, sometimes somewhat depressed, and have a parenchymatous wall, 
thin and olivaceous in color, and possess a broad ostiole. The spores es- 
cape in an agglutinated mass, and are of various lengths.” (On the ac- 
companying drawing the spore measurements are given as 40-120 x 2-3 
microns). 

“This parasite causes great injury, and attacks, according to Pas- 
serini, not only the leaves but also the stem and fruits. Furthermore, 
the characters which it showed in our specimens distinguished it some- 
what from those indicated by Spegazzini. It does not form, ag the 
author says, great spots which occupy almost the whole blade, nor are 
the perithecia scattered and mostly hyphophyllous and lenticular or 
hemispheric. Whence Passerini observed justly in his recent note, ‘If 
it is not a species entirely distinct from Septoria lycopersici Speg., our 
form would at least be a form or local variety, varying from it by ex- 
ternal characters.’ ” ' 

In view of these observations, Briosi and Cavyara named the leaf-spot 
in their locality, Sept. lycopersici yar. Huropaea. 
~ 8$pegazzini’s description as given in Saccardo III, p. 535, is as follows: 

Maculis magnis saepe totum folium occupantibus, sordide fuscocinerescentibus, subinde- 
terminatis; peritheciis sparsis saepius hypophyllis, lenticular-hemisphaericis, prominulis, 
atris, membranaceis, contextu parenchymatico, olivaceo; sporulis bacillari-cylindraceis, bacil- 
ari-subclavulatis majusculis, 70-110-3, 3-pluriseptatis, utrinque obtusiuscule attenuato- 


rotundatis, hyalinis. Hab. in foliis languidis Solani Lycopersici in hortis, Boca del Riachuelo 
Argentinae. 
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Comparing the manifestations of the disease on various specimens 
from different localities, it was observed that the American specimens 
agreed closely with the description by Briosi and Cavara. Hence, it 
would seem that the fungus in this country answers to the description 
Sept. lycopersici var. Huropaea. 

However, observation of the fungus under a variety of conditions 
shows that there is not enough significance in the minor yariations in 
size of spot, emphasized by Passerini to warrant the establishment of 
the variety. 

As has been shown (p. 15), the size of the spot formed depends upon 
the number of spores with which the leaf is inoculated as well as upon 
which surface the leaf is inoculated. With a pure culture’, in experi- 
ments determining the pathogenicity of the organism, a spot involving 
the entire leaf was frequently found. Spores from the same pure cul- 
ture produced typical round spots when the spore suspension was fur- 
ther diluted. Spots arising from inoculation on the upper side of the 
leaf are much smaller and darker than those spots produced by inocula- 
tion on the under side of the leaf. In the field, the spots were very vari- 
able in size, depending upon the weather conditions. In cooler weather 
larger spots were produced than in hot weather. It was observed 
that spots formed in the secondary infection were much larger than in 
the primary infection. Spots with hypophyllous pycnidia were very 
common, both epiphyllous and hypophyllous pycnidia being usually 
found in the same spot. However, as a rule, the pycnidia are on the up- ~ 
per side of the leaf. Microscopical examination of large numbers of 
prepared slides showed ali graduations from lenticular to globose pyc- 
nidia. 

These observations are merely mentioned at this point to indicate 
that the activities of the fungus, affected by environmental conditions, 
cause manifestations sufficiently varied so that peculiarities of the les- 
ion, which may be only functions of the intensity of attack, can hardly 
be sufficient basis for the formation of a new species or variety. Such 
a segregation to be valid would need to be based on carefully controlled 
conditions of the host and fungus. 

The Hasiccati specimens accompanying the description by Briosi and 
Cavara were examined and could not be distinguished from specimens 
from American localities. 

The only part of Spegazzini’s description, then, which does not coin- 
cide with the manifestations as observed in this country is that the pyc- 
ridia are “most frequently” hypophyllous. Whether this is evidence 
that a different species or variety exists here is a question which is yet 
to be settled. *° 

If there is sufficient evidence that the fungus in Argentina is distinct, 
then it follows that we must necessarily have a name for the form found 
here. 

The important point that must be noted is that regardless of nomen- 
clature, the form in Europe seems identical morphologically with that 


F *In pee paver all the work was done with the progeny of a single spore isolated as described 
n page 12. 

Material has been sent to Spegazzini for comparison with his type material, and with the 
organism as now found in Argentina. 
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found in this country. This must be recognized in all discussions of ex- 
periments performed by European investigators with this fungus. 

Pending a comparison of the Septoria Leaf-spot from_Argentina, the 
specific name “lycopersictv”’ is used. 


RELATION OF FUNGUS TO HOST. 


Morbid Anatomy: 

The Spore on the Host: 

In order to follow the course of infection, inoculations were made on 
a number of plants. The epidermis was stripped off from the inoculated 
leaves at intervals of 6-12-24-36-48 hours. Examination showed germi- 
nating spores; at the end of 48 hours these appeared similar to spores 
in culture. (See p. 15). The great number of spores lengthened and ’ 
grew from both ends. This was soon followed by germ tubes arising 
from various points on the spore. The type of infection is stomatal. 
(See Plate 4, Fig. 2). The mycelium may immediately enter a stoma. 
The spore in making its primary terminal growth in germination may 
enter the stoma, or if the mycelium does not come in contact with stoma 
immediately, the germ tube may branch and grow over the surface until 
it strikes a stoma. No chemotactic action leading to the finding of the 
stomata seemed to be manifested. 

Mycelium and Tissues: 

Infection may occur on both sides of the leaf. Careful study of the 
two types of infection were made in the various experiments when in- 
fection was desired. It was noted that when spores were placed on the 
upper surface of the leaflet, infection was manifested in small, narrow 
spots with from one to five pycnidia; the infection being more or less 
confined to the midrib and veins of the leaflet. Infection produced by 
placing the spores on the lower side of the leaflet resulted in a broad, 
spreading spot, and resembled for the greater part, field infection of the 
lower leaflets, spots forming at all points of the leaflet. This was veri- 
fied by using one standard loop of spore suspension for inoculation on 
the upper and lower surface of leaflet, respectively. 

Haustoria: 

Immediately on entering the stoma, knob-like haustoria developed 
(See Plate 6, Fig. 2). These may be formed at once upon entering if 
the mycelium touches the cell wall. By enzymic action, the haustorium 
merely dissolves the cell wall, but does not penetrate deeply into the 
cell. A gradual shrinking of the pierced cells results. The mycelium 
grows luxuriantly through the leaf, making its greatest growth in the 
spongy tissue. At the end of five days the tissue is partly disintegrated 
and pycnidia begin to form. The mycelium commences to ball up and en- 
large. 

The mycelium is not confined to the disintegrating tissue. It is found 
in abundance through the tissue contiguous to the spot, in most cases 
terminating at the tracheary cells. In this outside tissue the cell rela- 
tions are similar to the cells at the point of initial infection after the 
mycelium had grown for four days. 

The period from the fifth to the thirteenth day after inoculation is 
characterized by the gradual shrinking and blackening of the tissues. 
Irom the half-submerged pycnidia the spores ooze out. The white spore 

83 
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masses are similar to those produced in culture. They arise in a spiral 
form when the opening is small. When the opening is large, they re- 
semble those in culture. The leaves do not suffer severely from the pri- 
mary infection. When two or three spots are present on a leaflet, it be- 
gins to droop and the entire leaflet turns yellow. When the spores from 
these spots have been washed to all parts of the leaf by the dew or rain, 
infection may again take place and the spots appear just as the leaf 
shrivels up and dries. If the spores are present in abundance the leaf 
will die after the first infection, if a large number of spots are formed. 

This condition is usually present when the tomatoes are allowed to 
run over the ground. The first condition is more typical of staked to- 
matoes. The reduction of the photosynthetic area of the plant impover- 
ishes it and reduces the quantity of fruit produced. The fungus attacks 
old and new leaves alike, but due to the incubation period of five days, 
a vine that was almost completely defoliated will have a small tuft of 
terminal leaves. 


Morbid Physiology: 

The causal organism in its attack on the leaves eventually produces 
defoliation and the effect of this is evident, not only in the size of the 
crop, but upon the character of the fruit produced. There is, however, 
a period when the leaves are spotted but not otherwise affected, and 
then follows a period in which the spots, while not enlarging, evidently 
influence the plant, causing a yellowing of the adjacent tissue. 

Work by Galloway (1896) with a rust of pine seemed to indicate that 
the cause of the vast disturbance of the pine leaves followed by leaf cast 
was due to the excessive water loss which took place from the rifted 
epidermis. This conclusion is warranted from his readings. Moreover, 
the whole biology of the evergreen needle seems to indicate that it may 
be especially susceptible to a transpiration shock such as must result 
from a strongly perforated epidermis; but in the tomato disease the 
epidermis remains intact and the yellowing proceeds very slowly and 
the leaves do not manifest the characteristics of transpiration shock. 
Moreover, the recent work by Reed and his associates, Cooley (1915) 
and: Crabill (1915), on Gymnosporangium raises important questions. 
These investigators did not find an acceleration of transpiration from 
diseased tissue. 

The conclusions of Reed could not be used directly for the fungus un- 
der discussion due to the strikingly different habit on the host. Rusts 
are known to conserve the tissue of the host, at least until after fruit- 
ing, while with this fungus the host cells attacked were killed in a very 
few days and previous to fruiting body formation. 

An experiment was conceived which would aim to determine the in- 
fluence of the disease upon transpiration. Due to the ease with which 
the tomato plant is infected by this fungus, and also, because of the 
general structure of the tomato plant, the experiment was possible on a 
larger scale than has ever been used in similar investigations. Twenty- 
two tomato plants were grown under identical conditions in the Botan- 
ical greenhouse from seed of Earliana variety. The soil of the pots was 
sifted twice before being placed in these receptacles and was saturated 
but not water-logged. The pots were prepared as follows: 

A number of stiff one-pound cheese cartons (upper diameter 10 cm., 
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bottom 7 cm.) were arranged to serve the same office as the aluminum 
shells used in the plant physiological laboratory. The lower third was 
cut off and the top portion fastened to Petri dishes with paraffin. After 
the paraffin had hardened, more melted paraffin was poured into the 
dish and the pot containing the plant was set into this paraffin before 
it hardened. Holes were made in the covers for the stem and corks. 
(Plate 3, Fig. 2). The transpiration performance of the plants was 
observed for a period of five days, May 2nd to 6th, inclusive, loss of 
weight being made up daily. At the end of this time, the number of 
leaves ranged from four to seven with leaflets on each leaf varying from 
three to seven. 

Inoculations were made by placing two loopfuls of a pure culture sus- 

pension upon the lower surface of each alternate leaflet of eleven plants. 
The other plants were held as checks. The checks and inoculated plants 
were kept in a moist chamber for a period of four days to insure strong 
infection.1t This was the only interval in which no weighings were tak- 
en, otherwise every twenty-four hours from May 2nd to May 20th, weigh- 
ings were made and water added to bring back the original weight ex- 
cept that on May 12th, ten extra c. c. were added to each plant to allow 
for the increase in growth. 
_ In order to determine the increase in leaf area from the time of inocu- 
lation to the time of cessation of the experiment, the following method 
was employed. By means of an adjustable glass plate and a tungsten 
light, prints were made on contrast paper (Cyko) of each leaf on every 
plant. These were developed and fixed in the usual manner. This was 
done just before inoculation, and immediately after the last reading on 
May 20th. By means of a planimeter, the area of the prints at various 
periods was obtained. 

The disease was severe enough to cause the death of approximately 
two-thirds of the tissue of every leaflet inoculated. The tabulated data 
indicate the weighings and water added during the performance period 
when no plants were inoculated, and the last six days when 11 of the 
plants were infected.‘* This gives the data as to the amount of trans- 
piration from the time that infection was visible to the first signs of 
general yellowing (break down) of the leaves. It is particularly neces- 
sary to bear in mind this point since this experiment was concerned 
only with the spots formed by the fungus and not with the secondary 
yellowing of the leaf which follows infection. 


TABLE 4.—TRANSPIRATION OF HEALTHY AND DISEASED PLANTS: TEST BY 
WEIGHING PLANTS AND MEASURING LEAF SURFACE. 


Performance record for first Performance records of checks 
5 days of experiment. and diseased for last 6 days. 
vr Av. area | Av. daily | ,TT@08- | ay. area | Av. daily | _1Tans- 
Condition (1) in’sat | ¢ranspir piration 2 * trauspir piration Area 
of plant. rele tien.” | per sq. m. ) fees aha ater | Dens tas |. 2-1, 
meters. | on. per hour. | ™eters. jon., per hour. 
Healthy thruout. . .00862 13. 62.8 . 02376 32.67 56.93 | 2.47 
Inocu ated after 
first 5 days.... . 00904 13.1 60.3 .02214 30.9 58.2 2.88 


NAt that time the independence of moisture and infection was not known. 
“The detailed tables are given in Appendix, those given in the text being summaries, 
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The above table emphasizes the similarity of the check and inoculated 
plants. Starting with the same average leaf surface and same transpira- 
tion per unit of area, even after more than ten days invasion by the 
fungus, we find the average area and average transpiration approxi- 
mately the same. The difference in growth was not great. 

If we examine the individual plants we are struck by the ranges in 
each of these relations; but careful comparisons will show that no 
greater variation occurs in the inoculated plants than occurs in the 
check plants. Moreover, both sets, before the inoculation took place, 
showed a similar variability. Our experiments cannot hope to avoid 
errors which come under this head. The number of plants possible for 
manipulation is so few in comparison to the number needed to eliminate 
error from this source, that it can hardly be hoped that experiments of 
this type can ever be entirely free from this factor. The following points 
may be made: 

The method of obtaining the area eliminated a large source of error 
commonly present in area determination. The method of obtaining the 
amount transpired per plant was accurate to at least 44 gram, if not 
1-10 gram. Moreover, the amount used is an average of several readings. 
The amount transpired per unit of area in the unit of time is very sim- 
ilar in each average. 

Considering that in the inoculated plants, 24 of each alternate leaflet 
was diseased, we have the striking conditions of almost identical per- 
formance. 

Necessarily the interpretation of this condition affects the whole ex- 
periment. We can have the following possibilities: 


(1) Healthy and dead areas transpiring alike. 
(2) Dead areas allowing more evaporation. 
(3) Dead areas hindering water loss. 


Were the first case true, the similarity of ratios is very readily 
accounted for, but then the death of the leaf, and the reduction of vital- 
ity must be explained on grounds other than mere water loss. 

In event of the second, the yellowing of the leaves, the leaf-cast, ete., 
could readily be attributed to excessive water loss. Since, however, the 
ratios of transpiration for the leaves are almost the same, we need to 
postulate a repression of transpiration from the living areas. _ 

In case the third condition were true, we need to postulate an aug- 
mented evaporation from the unaffected portion of the leaves, and at- 
tribute this to a chemical stimulation perhaps, from the by-products of 
the fungus. . 

To decide which of these conditions really existed, the following ex- 
periment was performed, with leaflets in early stages of the disease, and 
with leaflets which had been diseased for some time. Leaflets showing 
a few well defined spots were attached by the petiole to small rubber 
tubes. Other parts of the leaf were cut away and the cut surfaces cov- 
ered with vaseline. All manipulations of attaching leaf to the rubber 
tube were carried on under water. The rubber tube was then attached 
to a potometer set up as shown in diagram. (Figure 2). In order to 
have conditions of humidity and temperature constant, the work was 
performed in an enclosed chamber (approximately 2 feet in each dimen- 
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Figure 2. Diagram of potometer used to determine if diseased spots transpire. 


sion). Three Lambrecht polymeters were placed in various parts of the 
chamber and the thermometers and hygrometers were read at each read- 
ing of water loss. The day was rather moist, and no variation occur- 
red during the experiment. After noting the transpiration over a def- 
inite period, the diseased spots were carefully vaselined on both sides; 
and transpiration was noted as before. The following results were ob- © 
tained: 


TABLE 5.—TRANSPIRATION OF LEAFLETS IN EARLY STAGES OF DISEASE: 
MEASUREMENTS OF AREAS AND DISEASED SPOTS. 


iAreaotet | Number of | Diseased Per cent of 
Condition of leafiet. ani spots on area 1 leaflet 
AIEEE leaflet. surface. diseased. 
| : | 
1. Leaflets green; spots pliable........ 1.6 sq. in. ; 

(by planimeter) 9 | .054 sq. in. 3.3% 
2. Leaflets green; spots pliable........ 2.05 sq. in. 5 | .03 sq. in. 1.4% 
3. Leaflets green; spots pliable........ 2.4 sq. in. 32 | .192 sq. in. 10. % 
4. Leaflets green; spots pliable........ 2.3 sq. in. 7 | .084 sq. in. 3.6% 
IS OTC IAI ey olde ooirialo cclcc lone CoInnS cco clad tol tiGiomt CUO (Uoaco odo audio 4.8% 
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TABLE 6.—TRANSPIRATION OF LEAFLETS IN EARLY STAGES OF DISEASE: 
PERFORMANCE OF POTOMETERS. 
Movement of bubble | Movement of bubble beg lg 
before diseased spots | after diseased spots | Rate (a). | Rate (b). | ,W4 i eg t 
were vaselined. were vaselined. pigr 
Potometer - 
? Before After 
Time. Spaces. Time. Spaces. (spaces (spaces 
per min.) | per min.) 
i eR OMaataat 33 min 9 123 min. 27 27 22 81 
A gh ROIS CIO 83 min 12 74 min. Al 749 .ol .70 
Bite noua ts ave eee tes 40 min 22 103 min. 29.5 .55 19 a}5) 
Are ratats eheieteles 41 min 2220) Lid miny. 31 54 Bare .50 
JN VOLTAGE Nein] Mec larose ob GaN areietisicerallatra lessell ot sttaterrctvewretotatre]| aust eite tovex aneiet | ctfei etre) ateversianal| ate Veteteatenette aie -59 
TABLE 7.—TRANSPIRATION OF LEAFLETS IN LATER STAGE OF DISEASE: 
MEASUREMENT OF AREAS AND DISEASED SPOTS. 
ce rental Number of Diseased | Per cent of 
Potometer. Condition of leaflet. surface spots on area (1 leaflet 
c leaflet. surface). diseased. 
 ssere is etees Leaflet yellowed; spots dry 1.4 sq. in. 
(by planimeter). 16 .192 13% 
Gide crniod Leaflet yellowed; spots dry BONSGe lite ala .08 16% 


TABLE 8.—TRANSPIRATION OF LEAFLETS IN LATER STAGES OF DISEASE: 
PERFORMANCE OF POTOMETERS. 


Movement of vue Me yeuieny of bubble 
efore diseased spots after diseased spots - 
were vaselined. were vaselined. ae poe gee: after Ralie ms 
Potometer. (spaces (spaces | movement 
: per min.) | per min.) (b +a). 
Time. Spaces. Time. Spaces. 
= | — 
Biss susie Bakers leuavene 42 min. 2.5 92 min. | yet) .06 . 06 a 
Onoists Baap oo aor 39 min. 88 min. | 13.5 .18 .15 .83 


In the cases where the leaflets were green and spots pliable, (Tables 
5 and 6),-the decrease in rate of transpiration after the vaseline was 
applied is far greater than the mere decrease in transpiring surface 
would warrant. Although the spots were on an average only 4.8 per cent 
of the total leaf surface, the transpiration was cut down nearly one- 
half (.59) by vaselining the spots. This indicates that in early cases of 
attack, the diseased spots evaporate more than the healthy portions. 

In the potometers with the yellowed leaves, (Tables 7 and 8), there 
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was little or no transpiration from the diseased spots, indicating that 
with complete desiccation and shrinkage, the spots are cut off from the 
water supply. . 

Of the three possibilities outlined on page 34, the experiment points 
to the second case where the diseased areas transpire more and the 
healthy portions of the leaflets less, but the writer is fully aware of the 
meagreness of his data. 


IMMUNITY PHENOMENA. 


Cross Inoculations: 

The following plants related to the tomato were inoculated by plac- 
ing a loopful of spore suspension from a pure culture on various leaf- 
lets.%° 


Solanum quinescens 
Capsicum frutescens 
Nicotiana tabacum (tobacco) 
Solanum tuberosum (potato) 
Solanum villosum 


Within five days the potatoes showed definite small black spots on all 
the inoculated leaflets, while the check leaflets showed no infection. None 
of the other plants showed any spots. 

The experiment was repeated with the same results. Various attempts 
to find pycnidia in the infected areas of the inoculated potato leaves 
have failed in these preliminary experiments. This is a most interest- 
ing result inasmuch as no Septoria has been described upon potato 
(Saccardo). It is also hard to explain the absence of such a record in 
view of the frequent association of tomatoes and potatoes in the field, 
unless the failure to produce pycnidia is a uniform condition. More ex- 
tensive experiments are planned. At present, it is important to note 
that these spots were obtained by merely applying the spores, not injur- 
ing the tissue in any way. The importance of further investigation upon 
this point is obvious. 

Susceptibility of Varieties: 

The following varieties were obtained from D. M. Ferry & Co., Detroit, 
Mich., Vaughan Seed Co., Chicago, Peter Henderson & Co., New York, to 
whom thanks are due: 


D. M. Ferry & Co. 


Perfection White Apple June Pink 

Buckeye State Early Detroit Golden Queen 
Ponderosa Early Michigan Dwarf Champion 
Peach Stone Chalk’s Early Jewel 
Magnus Acme - Coreless 

Beauty Matchless Earliana 


12The leaflets not inoculated acted as checks. 


664 STATE BOARD OF AGRICULTURE. 


Peter Henderson & Co. 


Perfection 
Tenderloin 
June Pink 
Crimson Cushion 


Vaughan Seed Co. 


Red Plum 

Bonny Best 

Trophy 

Stone 

Livingstone’s Beauty 
Ponderosa 

Crimson Cushion 
Freedom 

Dwarf Stone 
Matchless 

Magnus 

Acme 

Farliest of All 
Perfection 
Livingstone’s Favorite 
Pear-shaped Red 


Ten plants of each of the varieties listed were grown. 


Chalk’s Early Jewel 
Beauty 

Early Freedom 
Dwarf Champion 


Sutton’s Best of All 
Enormous 
Lorillard 

Yellow Plum 

Fall Champion 
Sterling Castle 
Pear-shaped Yellow 
Atlantic Prize 

Red Cherry 
Frogmore Select 
Honor Bright 
Comet 

Sunrise 

Hubert’s Marvel 
Hummer 

Red Currant 


Stone 
Livingstone’s Globe 
Ponderosa 


Golden Queen 
Yellow Peach 
Vaughan’s Model 
Ground Cherry or Husk 
Livingstone’s Globe 
Cream City 

Red Peach 

Chalk’s Jewel 
Early Michigan 
Imperial 

Coreless 

Buckeye State 
June Pink 

Early Detroit 
Dwarf Champion 
Dwarf Aristocrat 


Five were in- 


oculated after the method previously given, five were left as checks. 
Every inoculated plant developed the disease except the Currant tomato 
and the Ground Cherry. The Currant tomato, however, is by most sys- 
tematists classed as a different species, and this relation to a pathogenic 
fungus is believed by many to be a confirmatory test of a specific entity. 
The Ground Cherry belongs to another genus (Physalis). This experi- 
ment was not intended to determine the relative effect of the disease 
on the plant in the field. There are a number of factors which these 
results do not recognize; the ability of the plant to form new leaves, the 
mechanical structure of the leaves, etc. This experiment, however, does 
’ point out that in the common varieties of the tomato, with this partic- 
ular organism, there is no variety strikingly immune or susceptible to 
this disease. 

It is believed in various sections of the country that the Globe is a 
resistant variety—this statement being often seen in horticultural pa- 
pers. G. Kick (1907) classes certain varieties as resistant, less resistant, 
and strongly susceptible, as follows: 

Resistant—W onder of the Market, Up-to-date, Mikado, King Humbert; 

Less Resistant—Magnum Bonum, Prelude, Ponderosa, Pres. Garfield 
and Alice Roosevelt; 

Especially Susceptible—Trophy, Ficarazzi. 

The varieties tested appeared neither more or less strongly affected 
than any other. From investigations carried on, it is found that there 
is no evidence of a distinction, even in the size of the spots formed 
among these varieties, provided the spore suspension is applied to the 
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lower part of the leaf with relatively the same number of spores in each 
inoculation. G. Kéck does not mention his method in arriving at his 
conclusions. This, of course, precludes the possibility of comparison of 
results. Judging from his article he relied merely on field appearances. 
It is interesting to contrast the following observations by J. B. S. Nor- 
ton (1914): “Practically all the varieties grown in America and Europe 
have been tried here the past two years, and all showed about the same 
amount of Septoria Blight on the foliage. Some varieties are, however, 
more vigorous growers and continually keep ahead of the blight by the 
production of new foliage.” 

Here as in all work on resistance and immunity in reference to plant 
disease, the whole matter of resistance and susceptibility is obscured by 
disease Tolerance and Escape. (Orton, 1908; Freeman, 1911). We might 
add to this the ability to repair or replace damaged tissue. In view of 
the total lack of any superiority of any one variety in the experiments 
reported, the writer feels that the explanation of Norton is correct and 
the rapidity of growth of some varieties (as contrasted with the slow: 
ness of the dwarfs) is responsible for the apparent cases of resistance 
to disease of certain varieties of the tomato, Lycopersicon lycopersicon. 


RECOMMENDATIONS FOR CONTROL MEASURES. 


Before control measures can be considered, we must recognize the fol- 
lowing observations that have been dealt with above: 


1. The sources of infection are at least two: the greenhouse or the 
hotbed and the old trash in the field. 

2. Infection results from inoculation upon the upper and lower sur- 
faces of the leaf. 

3. The period from the time of inoculation to spore exudation is 
about 13 days. 

4. Moisture is the primary agent in dissemination of the disease. 

5. The exudate of spores is in the form of a mucilaginous mass. The 
spores are always transferred by some external agency. 

6. It has been shown that the mycelium will not grow at 3714° F., 
(98° C.) and will not revive after ten days at this temperature. Since 
this temperature is frequently reached during the summer months, this 
must be taken into consideration as a natural means of checking the dis- 
ease. 


The most important control measures for this disease are prophylactic. 
Clean seedlings in clean soil, if reasonably isolated remain practically 
free from the disease. 

In order to be sure that the seedlings do not become diseased at the 
start, clean soil should be used in the greenhouses devoted to seedling 
production. The soil should be fresh or sterilized. The seedlings should 
be sprayed as soon as their height above ground makes it practicable, and 
again before being transplanted to the field. For this a weak Bordeaux 
mixture (2-2-50) is advised. 

Since it has been determined that wintered-over, diseased vines possess 
spores which are viable, the old trash must be destroyed as far as pos- 
sible. Since, however, this is not practical except in greenhouses and 
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gardens, rotation is strongly urged. While there is no experimental 
evidence to demonstrate the value of rotation as a means of control, 
numerous instances have been noted in which rotation has been success- 
ful in controlling the disease. 

After transplanting to the field, spray with 4-450 Bordeaux mixture 
every 10 days. As has been shown, the period from time of inoculation 
to spore exudation is at least 13 days. Allowing this leeway for differ- 
ences in period of infection, it would seem that a spray so applied would 
give the necessary protection. 

The greatest part of and the strongest infection results from inocula- 
tion on the lower surface of the leaf. Therefore, all these precautions 
are less effective if the plants are allowed to run at will over the ground. 
The spraying of the under side of the leaf is not accomplished unless the 
application is thorough. Failures to control the disease by spraying are 
doubtless due to lack of thoroughness and timeliness. 

Moisture acts as a mechanical factor in disseminating the disease in 
two ways. (1). The dew carries the spores from the mucilaginous mass 
to all parts of the leaflet to form secondary infection. (2). The rain 
by splashing, carries the spores from the ground below to the leaves 
above and in a similar manner carries the spores from the diseased 
leaves on the ground to the healthy leaves above. 

The mucilaginous matrix holds the spores until they are released by 
contact with some object. When the plants are dry, the spores do not 
float in the air or fall from the leaf but stay embedded in this matrix, 
which becomes hard and strongly cohesive. 

Accordingly the plants should not be “worked” when wet. Growers 
have reported cases where cultivation began at a small infected patch 
and the disease was carried over the entire field, and that in less than 
three weeks the entire field was spotted. This is now readily explained. 
In greenhouse practice, irrigation should replace the ordinary use of 
the hose. 

Spraying with 4-4-50 Bordeaux mixture in the fields where tomatoes 
are staked should be extremely successful. In this state spraying will 
not pay unless the spray reaches the lower surface of the leaves. A 
sprayer such as is used for potatoes, with-two side nozzles set to shoot 
upward and if practical, with one central nozzle to spray downward 
for each row will, under high pressure, be most efficient in Michigan fields. 
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SUMMARY. 


This bulletin gives. the results of experiments with the Leaf-Spot dis- 
ease of tomato and recommendations for its control. After a discus- 
sion of the previous work on the disease, the disease is discussed under 
topics:—Name, Economic Importance, and Distribution. The disease 
manifests itself by forming lesions on leaves, stems, calyx, and fruit. 

Since previous work for the most part inferred the connection of the 
associated fungus and the disease, or at least was not entirely conclu- 
sive, formal proof of parasitism was undertaken. This work proved that 
the organism, Septoria lycopersici Speg., causes the disease. Studies of 
infection phenomena were given under the topics:—Period of Incuba- 
tion, Subsequent Development, and The Relation of Infection to Mois- 
ture. : 

The physiological and ecological relations of the causal organism were 
studied under the topics:—Germination, Growth on Media, Relation to 
Dessication, Heat, Light, Oxygen, and Dissemination. 

Morphology of the causal organism indicated that the pyenidium is 
a closed ball with a wall similar to that in the genus Phoma. The spores 
are long and needle-shaped bodies with pointed or rounded ends, usually 
with several septa. The mycelium is of two sorts. The morphology of 
this organism shows a striking difference from that found in the mem- 
bers of the genus Septoria studied by Potebnia, Diedicke and Klebahn. 
There is no proof available to show that the organism in the United 
States is different from that in Argentine, hence the specific name, /ycop- 
ersict, is retained. 

In considering the relation of the fungus to the host, it was found that 
the type of infection is stomatal. The mycelium is intercellular and 
possesses haustoria. 

An experiment to determine the morbid physiology of the plants in- 
fected by Septoria indicated that healthy and diseased plants transpired 
nearly alike per unit of area. There was, however, an indication that 
the diseased spots transpire more than the healthy portions of the af- 
fected leaves, and that the transpiration of these healthy portions is 
repressed below normal. The fungus was found to infect the potato when 
the latter is artificially inoculated. No fruiting bodies were produced in 
the disease spots. No variety of tomato was found especially suscepti- 
ble or immune although more than fifty were tried. Control measures, 
chiefly prophylactic, are recommended. 
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APPENDIX. 


Media Used in Cultural Work with the Fungus. 


Cornmeal Agar (Shear): 

Four teaspoonfuls of yellow cornmeal were added to a liter of dis- 
tilled water. Digested in water bath below 60° for one hour, 1.3% agar 
was added and boiled for 45 minutes; water lost added; albumen of two 
eggs added for clearing. Filtered through absorbent cotton and tubed. 
Autoclaved 15 minutes 110° 


Prune Juice Agar: 

One hundred twenty gms. of dry prune flesh. Boiled in one liter of 
distilled water in steamer for two hours. Filtered through cheesecloth 
znd 12 gms. of agar added. Boiled two hours in steamer until com- 
pletely dissolved. Cleared with albumen of two eggs. Filtered through 
absorbent cotton. Autoclaved 15 minutes 110°. 


Tomato Leaf Agar: 

Green tomato leaves were pressed and 60 ce. of juice was boiled in 500 
cc. of water and then 12 grams agar flour was added to juice, boiled 45 
minutes and cleared with albumen of two eggs. Filtered through cot- 
ton. Autoclaved 10 min. 110°. 


Nutrient Glucose Agar: 

Digested 20 gms. of agar in 500 cc. of water. Dissolved in 500 ce. 
of water 40 gms. of glucose, 3 gms. of beef extract, 3 gms. of salt, 20 
gms. of peptone.- Poured into agar and steamed for 45 minutes. Cleared 
with albumen of two eggs. Filtered through absorbent cotton. Auto- 
clayed 10 minutes at 110°. , 


Nutrient Saccharose Agar: 

Digested 30 gms. of agar in 500 cc. of water. Dissolved in 500 ce. of 
water-40 gms. of saccharose, 3 gms. beef extract, 3 gms, salt, 20 gms. 
peptone. Poured into agar and steamed for 45 minutes. Cleared with 
albumen of two eggs. Filtered through absorbent cotton. Autoclaved 
10 minutes at 110°. 


Nutrient Broth: 

Dissolved 8 gms. of Leibig’s beef extract in a liter of water to which 
was added 10 gms. peptone, 5 gms. of common salt; neutralized with nor- 
mal NaOH to 1° Fuller’s Scale. Autoclaved 10 minutes at 110°. 


Bean Pods: 
Canned bean pods placed with 14 inch distilled water’in test tubes. 
Autoclaved at 110° fifteen minutes. 


Potato Plugs: 
Potato plugs made with cork borer. Soaked in running water 24 
hours. Placed in tubes in bottom of which a small wad of cotton soaked 
85 
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in distilled water was placed. Steamed three consecutive days for 15 
minutes. . 


Tomato Leaves: 

Young leaves were cut from growing vines. These were placed in test 
tubes with 2 ce. distilled water. Autoclaved at 110° for 5 minutes. 
Vomato Stems: 

Stems were prepared in the same manner as the leaves. 


Cornmeal: 

A teaspoonful of cornmeal in large test tube to which was sation four 
times volume of distilled water. Steamed 38 consecutive days for 15 
minutes. 

Rice: ; 

Rice was prepared in the same manner as cornmeal. 
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DESCRIPTION OF PLATES. 


Diseased plant showing killing of lower leaves. 


Plate 2. 
Fig. 
Fig. 
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Plate &. 
Fig. 
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The disease as found in the field. 
Diseased spots X 5. 


Van Tieghem cells with distilled water and nutrient glucose agar.” 
Plants used in transpiration experiment. The pots are inside of cheese cartons 
which are cemented to Petri dishes with paraffin. 


Pyenidium in the leaf, showing spores pushing out, thus making the ostiole. 
X 250. 

Test tube cultures on tomato agar and nutrient glucose agar showing spore 
exudation. ss 
Section of sub-stomatal chamber of leaf showing entrance of mycelium. X 1,000. 


Pycnidum before arisal of spores showing mycelial strands running across the 
chamber. X 750. 
Magnified camera drawing showing nature of young pycnidial wall. X 750. 


Mycelium in hanging drop culture showing arisal of secondary spores, and 
heavy-walled mycelium. 

Mycelium -between the cells of the host, sending blunt, tubular haustoria into 
the cells. X 1,000. 


Pycnidium on a tomato Jeaf, showing relation of spores and adjacent tissue 
to ostiole formation. X 800. : 
Excrioign from test tube culture showing spores masses pushing into agar. 
X 300. 


Spore showing globose ends. 

Germinating spores producing secondary spores. 

Secondary spore germinating. 

Mycelium producing secondary spores (corn meal agar). 
Mycelium branching, no secondary spores (nutrient glucose agar). 


Germinating spore (tomato agar). 


, 4 and 5. Stages in colony formation. 


Spore germinating by elongation of both ends, (nutrient broth). 

Mycelium with secondary spores, and heavy brown threads (corn meal agar). 
Mycelium (nutrient glucose agar). 

Pycnidium formation (corn meal agar). 
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SOIL TEMPERATURE 


Technical Bulletin No. 26. 


BY GEORGE J. BOUYOUCOS. 


INTRODUCTION. 


In the fall of 1911 an investigation of the general subject of soil tem- 
perature was undertaken at this Station. Although the subject had al- 
ready received a large amount of attention yet it was not considered 
solved, as our knowledge concerning it appeared very unsatisfactory. 
This is undoubtedly due to the fact that the problem is a most complex 
one, as the number of factors influencing it is very great. These factors 
may be divided into two general groups, (1) the intrinsic and (2) the 
external. The intrinsic factors are those contained by the soil and com- 
prise the specific heat, heat conductivity, thermal absorption and radia- 
tion, specific gravity, texture, structure, moisture content, salt content, 
topographic position, nature of surface, etc. The external factors in- 
clude the meteorological elements, chief of which are the air temperature, 
sunshine, wind velocity, barometric pressure, precipitation, dew point, 
humidity, ete. The intrinsic factors vary with the different kinds of 
soil and tend to exert a temporary or permanent controlling influence 
upon the soil temperature. They are acted upon by the external factors 
which cause the soil temperature to fluctuate as they themselves vary. 
Inequality in temperature, therefore, in different kinds of soil for any 
particular day will depend upon their intrinsic factors, but variation in 
temperature in these same soils for succeeding days or seasons will de- 
pend upon the external factors. Both of these groups of factors may be 
subdivided into two parts, one part tending to take up or import heat to 
the soil system and thereby raise its temperature, and the other part 
tending to give up or take away heat from the same soil system and 
thereby lower its temperature. These opposing factors are in operation 
practically all the time. The temperature of a soil, therefore, under 
field conditions, is the resultant of all these variables and contesting 
forces. . 

Most of the previous investigators usually studied only one or two of 
the intrinsic factors influencing or controlling the soil temperature and 
then, as a very general rule, deducted general conclusions therefrom as | 
to the importance and controlling effect of these factors upon the soil 
temperature. There appears to be no one investigator who aitacked the 
subject thoroughly and systematically from all standpoints. As a result 
wrong conclusions have been drawn, and are being disseminated at pres- 
ent, as to the importance and controlling effect of some of the intrinsic 
factors upon soil temperature, which have led to erroneous beliefs con- 
cerning the difference in temperature in the different classes of soil. 
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In undertaking an investigation of the subject, therefore, it was re- 
solved to study it from all standpoints as systematically and thoroughly 
as possible. The plan finally decided upon consisted (1) of studying 
individually or in combination most of the chief intrinsic factors affect- 
ing the soil temperature, under controlled conditions, (2) investigating 
the influence of these various important factors upon soil temperature 
under field conditions and (3) ascertaining the relationship between the 
soil temperature and the different meteorological elements or external 
factors. 

In the report of 1913! there were embodied the results of the 
completed laboratory experiments on the intrinsic factors influencing 
soil temperature and one year’s data of the field experiments. The field 
experiments have been continued up to the present time, or for four 
years, and it is the purpose of this bulletin to present the additional 
data obtained from these experiments and also the final conclusion that 
might be deducted from the entire investigation. 


1Technical Bul. 17, Mich. Expt. Sta. 1913. 
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BRIEF REVIEW OF PREVIOUS REPORT. 


The investigation on the specific heat of soils showed that the magni- 
tude of this property was about the same for all types of soil, namely 
gravel, sand, humus loam, clay and peat; this being true both by equal 
weight as w ell as by equal volume. By equal weight the magnitude of 
the value was about 0.200°C and by equal volume about 0.500°C. The 
specific heat of peat was only about one-half as great as that given to it 
by previous investigators. 

It was concluded that in view of this remarkable equality of the specific 
heat of the diverse types of soil, this factor exercised practically no in- 
fluence in causing and maintaining a difference in temperature in these 

various soils. 

Since, however, these diverse types of soil contain different amounts 
of water, on account of the marked variation in their water-holding ca- 
pacity, and water possesses five times as great specific heat as the dry 
soils by equal weight or two times as great by equal volume and its latent 
heat of evaporation and heat of fusion are tremendously high, it was con- 
cluded that the water content of the soil is one of the chief intrinsic fac- 
tors which might cause a variation in the temperature of these various 
classes of soil. 

The phenomen of heat conductivity was measured in different types 
of soil, (1) in their dry condition, (2) in their natural state under 
laboratory conditions and (8) in their natural state under field condi- 
tions. It was found that in all these three states the magnitude of 
heat transference was markedly different in the various types of soil 
but the order was always the same, namely, gravel manifested the highest 
heat-transmitting power followed in order by sand, clay, loam and peat, 
respectively. 

It was concluded, however, that even though these diverse classes 
of soil possess markedly different abilities to propogate heat, yet this 
factor of heat conductivity is only of secondary and not of primary im- 
portance in the control and variation of their temperature. In other 
words heat conductivity is not a dominant factor and the small varia- 
tion in average temperature that it would cause in the different types of 
soil under normal conditions is neutralized or offset by other contrary 
factors and consequently as an agent itself it cannot cause a permanent 
variation in average temperature in those soils which possess it in 
different degrees. Of if it is a dominant factor it opposes some other 
contrary factor and causes those soils which possess it to the highest 
degree to have the same average temperature as those that contain it in 
the least extent. 

Under special circumstances, bowenes such as when a mulch is formed 
on a cultivated soil heat conductivity might exert a slight predominating 
and controlling influence on the soil temperature. In such a case, how- 
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ever, it is the thin layer of dry soil formed at the surface that plays the 
Jeading role rather than the entire tilled layer. 


Again in such abnormal soil as peat heat conductivity might predomi- 
nate and cause a slightly greater cooling at the upper one or two inch 
depths than in the mineral soils. 

The radiating power of the various types of soil was also investigated. 
It was discovered that color had no effect upon radiation, which is con- 
trary to the popular belief,—but it had a tremendous influence upon the 
absorption of the solar energy. The various classes of soil radiated 
slightly differently when in the dry condition, about the same and slightly 
more when well moistened and that a dry surface or mulch reduced 
somewhat the amount of radiation. In the dry state sand exhibited the 
highest radiating power, followed in order by gravel, clay, loam, and 
peat, respectively. The water, however, manifested far greater radiating 
capacity than any soil either in the dry or moist condition. .The deduc- 
tion was made that as far as radiation is concerned all the diverse classes 
of soil lose heat practically to the same extent and that the difference in 
minimum temperature that is noted in them in the morning or during a 
period of sudden cold weather is attributed to the difference in their 
total specific heat. 

It was discovered that a high concentration of soil solution tended to 
raise the soil temperature during the insolation by reducing the amount 
of evaporation and that during the winter it diminished the lowering 
of the freezing point and hastened the rate of thawing. 


The study on the effect of decomposition of manure on the temperature 
of soil showed that large applications of this material in the fresh state 
could raise the soil temperature appreciably, but considering the small 
amounts that are commonly applied to the soil under field conditions 
and that a rather high temperature is required for the decomposition 
process, it was concluded that the amount of heat gained by the soil from 
this source is absolutely insignificant. 

The field studies on the effect of cultivation, noncultivation, and sod 
upon soil temperatures indicated that during the winter the temperature 
of the soil under these three cultural conditions was about the same with 
a slightly higher degree in favor of the sod. In the spring all the soils 
thawed practically simultaneously and maintained identical average tem- 
perature until the vegetation in the sod plot commenced to grow when 
its temperature began to be lower than that of the other plots, and con- 
tinued to be smaller until in the fall when the order was reversed. The 
temperature of the cultivated and uncultivated plots was the same 
throughout the year except during the spring and summer months when 
the uncultivated plot had a slightly higher average temperature than the 
cultivated. 

The results from the investigation on the influence of organic matter 
on the soil temperature showed that those soils containing 1.8, 2.01, 
3.32, 5.47; and 6.95% of organic matter thawed practically simultaneously 
and peat several days later. After complete thawing, however, the peat 
and the soil containing the least percentage of organic matter and which 
had a white surface, reached and maintained an appreciably lower aver- 
age temperature than the other soils throughout the spring and summer 
months up until in the fall and then this difference disappeared and 
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all the soils began to have approximately equal degrees of temperature 
with peat being slightly warmer. 

The temperature of the five different types of soil, namely, gravel, sand, 
humus loam, clay and peat, whose many intrinsic factors were investi- 
gated in the laboratory as already discussed, was measured daily through- 
out a whole year under field conditions, at ‘hree different depths. The 
data yielded by this investigation showed that when all these different 
types of soil were covered with a thin layer of sand their average tem- 
perature was practically the same throughout the year except in the 
early spring when they were undergoing thawing. At this period their 
average temperature was markedly different, especially between that of 
the mineral types and peat, due to their different rate of thawing. After 
they were all completely thawed, however, their average temperature 
reached about the same degree and remained practically the same until 
the next thawing period. Unlike in the spring, in the fall they all cooled 
at about the same rate. The only other time that their average tem- 
perature varied appreciably besides in the spring was whenever there 
occurred rapid changes in the air temperature, but they would soon 
reestablish their equilibrium. The amplitude of temperature of course, 
was very different in them. It was greatest in sand and gravel, followed 
in order by clay, loam, and peat, respectively. 

The results of the last investigation, therefore, indicated that the 
average temperature of the diverse classes of soil does not vary as much 
as is popularly believed or as one would think, in view of the great 
variation of the intrinsic factors in them. 


ADDITIONAL EXPERIMENTAL DATA ON THE TEMPERATURE 
OF DIFFERENT TYPES OF SOIL AT DIFFERENT 
DEPTHS AND UNDER DIFFERENT SURFACE 
CONDITIONS FOR 1913, 1914, AND 1915.? 


PLAN OF THE EXPERIMENT. 


As described in the first report this investigation was prepared by. mak- 
ing a long trench a little over three feet wide on a smooth and slightly 
rolling piece of ground, covering the bottom with a thin layer of a sandy 
soil so as to be uniform throughout, then placing into this trench, about 
one foot apart, wooden boxes 3x8x3 feet without bottom or top, and then 
filling these boxes with five different types of soil, namely, gravel, sand, 
clay, humus loam, and peat. After they were flooded with water several 
times and a certain length of period was allowed to elapse in order that 
they might settle, a study of their temperature was commenced. Their 
temperature was measured at three different depths, 6, 12, and 18, or 
2, 4, and 6 inches, three times a day, usually at about 7 A. M. 12 M. and 
6 P. M. every day throughout the year except Sundays, by means of 
electric resistance thermometers. These instruments consisted of resist- 

2The author wishes to express his deepest gratitude and indebtedness to Mr. M. Wolkoff, a gradu- 


ate student, for his most loyal and excellent intelligent support in the conduct of the following experi- 
ments and in the preparation of the many laborious tables. 
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ance bulbs and 35 feet wire leads. The leads were incased in lead pipe 
so as to keep them dry and well insulated. The ends of these leads were 
run into a small house specially constructed for the purpose. In this 
house there was kept, on a permanent stand, a balance indicator upon 
which the temperature was read. 

During the first year, from Dec. 1, 1911 to Nov. 30, 1912, the surface 
of all the five different types of soil was covered with a very thin layer of 
sand in order to eliminate their differential factor of color. The tem- 
perature during this period was also measured by an indicator graduated 
to only 1°F. - 

During the second year, from December 1, 1912 to November 30, 1913, 
the thin layer of sand was removed from the surface of all the soils and 
consequently their natural surface was exposed to the atmosphere and 
allowed to play its role. Beginning with this year also the old balance 
indicator was replaced by a new one which was graduated to 0.5°F and 
thus more sensitive than the first. 

In the third year, from December 1, 19183 to November 30, 1914, all the 
soils were again covered by a thin layer of sand. 

At the beginning of the fourth year, however, from December 1, 1914 
to November 30, 1915, the surfaces of all the soils were again uncovered, 
and the thermometers were removed from the 6, 12 and 18 inch depths at 
which they had remained from the beginning of the experiment, and 
placed at 2, 4, and 6 inch depths, respectively. During the warm part of 
this year the surface temperature was also taken by means of mercury 
thermometers having extremely small bulbs. 

It was stated above that the temperature records were taken at 7 
A. M., 12 M. and 6 P. M. These periods, however, were changed some- 
what during the year in order to obtain as true an average and range of 
temperature as possible. During the warm part of the year, when the 
sun rose early in the morning, the temperature records were taken at 
about 6 A. M., 1 P. M. and 5 P. M., while during the cold part of the 
year they were taken at about 7 A. M., 12 M. and 6 P. M. The daily 
average temperature, therefore, is composed of these three diurnal read- 
ings, and the daily amplitude, the difference between the highest and 
lowest temperature recorded during the day. 

Even though the temperature was recorded three times a day it can- 
not be claimed, however, that it gives the absolute average and range 
of temperature for all depths and for all soils. This is at once obvious 
from the fact that the real maximum and minimum temperatures at the 
various depths of the same and of different soils are attained at entirely 
different periods of the day. The three diurnal records, however, do 
give a very close approximation of the true daily average and fluctuation 
of temperature for all soils and for all depths. Furthermore, since these 
three diurnal records have been taken almost every day for four years the 
average for the month, season or year is exceedingly close, if not exactly, 
the true average and range of temperature. 

As already mentioned the previous report*, contained all the data for 
the first year. In the present report will be presented the results for the 
following three years, or from December 1, 1912, to November 30, 1915. 


‘Technical Bul. 17, Mich. Expt. Sta., 1913. 
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THE DAILY AND MONTHLY AVERAGE TEMPERATURE FOR 1913, 1914 AND 1815. 


BEGINNING WITH THE SECOND YEAR. 


TABLE 1.—AVERAGE TEMPERATURES OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
DECEMBER, 1912 (a) 


Gravel. | Sand. Loam. Clay. Peat. 
Date. _ 
6” | 12y 18” 6” 12” 18” 6” ee 18” 6” 12’ 18” 6” iPly 18” 
| | 
Dates, Renee 42.77| 42.10) 41.17) 42.77) 42.17) 41.60) 40.23) 39.23) 40.10) 41.50 39.70) 40.03] 37.53) 37.63] 40.63 
ee te alte 37.20) 38.73) 41.13) 36.90] 39.10) 41.53) 37.63] 39.93] 41.37] 37.77| 40.10) 41.33] 37.73) 38.50} 40.83 
AI wale kot 37.90). 38.43] 39.77] 37.73] 38.43] 40.03) 37.03] 38.67| 40.50] 37.50 38.77] 40.00) 36.47) 38.23) 40.67 
kee eehace 38.10) 38.53] 39.83) 87.87] 38.50) 40.13) 37.03] 38.63| 40.37] 37.43| 38.70) 39.87) 36.47| 37.97) 40.43 
(enetteaseeee: 40.70) 41°93} 42.00) 40.57} 41.70) 42.23) 40.50) 40.87| 41.27) 40.57| 41.10) 41.20) 39.43) 38.77) 40.97 
Wise GAS Rika 35.50) °37.43] 40.13] 36.00] 37.57] 40.43] 36.43] 39.40) 41.23] 36.40] 39.30) 40.80) 37.57) 38.87) 40.87 
Se eee ee 33.00] 34.90] 38.10] 33.47] 35.331 38.50} 34.10| 37.27| 39.63) 33.87| 36.97) 38.77] 35.30) 38.07} 40.80 
LORE Reeser 32.20) 34.10; 37.10] 32.60] 34.50) 37.70] 33.33] 36.43] 38.80] 33.07] 36.17| 37.97) 34.53] 37.30] 39.77 
eee seek 32.40] 34.07] 36.90) 32.43] 34.50] 37.43) 33.10) 35.97] 38.27] 32.90) 35.73) 37.47| 33.87] 36.67) 39.60 
PA rece 30.67] 32.90] 36.13] 30.83} 33.40) 36.90] 32.53] 35.57) 37.87! 32.20] 35.27) 37.07| 33.40) 36.20) 38.90 
ihe Teeeeeyae Ses 29.87) 31.90] 35.27! 30.00! 32.47) 36.00] 31.50} 34.73] 37.17] 31.23) 34.40) 36.27) 32.63) 35.40) 38.43 
Lares ceae 29.97] 31.80] 34.70) 29.83) 32.10} 35.53] 30.93] 34.07) 36.60) 30.93) 33.77| 35.67| 32.27) 34.83) 37.93 
AGistnnt arenes. 30.93] 32.00] 34.77] 31.10) 32.83) 35.50] 31.23] 33.87] 36.20) 31.13) 33.67| 35.33) 32.13) 34.50) 37.27 
eee Sera 31.27] 32.50] 34.90] 32.00, 33.27) 35.67| 31.37] 33.97] 36.30) 31.50) 33.80] 35.33) 32.17) 34.40! 37.20 
Sr ecmeccn: 32.37] 33.43] 35.77] 33.30, 34.43) 36.47) 32.10] 34.63] 36.73) 32.30; 34.53) 35.90) 32.80) 34.83) 37.57 
32.63] 33.73| 35.83] 33.13 34.70] 36.63] 32.27] 34.80] 36.73) 32.60) 34.83] 36.23! 32.83] 34.87) 37.57 
32.87| 34.03] 35.87| 33 00 34.37| 36.53] 32.23] 34.63|.36.63| 32.63) 34.70) 36.03) 32.83) 34.70) 37.37 
33.00] 34.00] 35.83] 32.97 34.47] 36.40] 32.33! 34.77] 36.50| 32.77] 34.83] 35.93) 32.87) 34.731 37.27 
31.93] 33.03] 35.23] 31.60] 33.33] 35.87| 31.67| 34.13] 35.87] 32.07| 34.27) 35.53) 32.13) 33.97] 36.60 
31.40) 32.73] 34.73) 31.23] 32.87] 35.10] 31.13] 33.53] 35.63) 31.37] 33.53] 35.00) 31.53) 33.60) 36.17 
31.80] 33.07) 35.07) 31.57) 33.00) 35.50} 31.43] 34.00 35.80| 31.70| 33.97] 35.27| 32.03] 34.00] 36.50 
32.43] 33.50] 35.30) 32.03] 33.53) 35.83) 31.97] 34.30) 36.17] 32.33] 34.30] 35.73) 32.43) 34.30) 36.93 
31.53] 32.83] 34.90) 31.50) 33.00| 35.27] 31.43] 33.77] 35.60, 31.70) 33.90) 35.27| 32.00) 33.83) 36.47 
31.93] 33.07] 34.97] 32.10] 33.07| 35.23] 31.43] 33.70] 35.57| 31.87| 33.87; 35.07] 31.90) 33.63) 36.23 
31.80) 32.93] 34.73] 31.73] 33.03] 35.03] 31.27] 33.50] 35.37) 31.80) 33.67| 34.97) 31.70) 33.47) 36.10 
Monthly is 
average...| 33.45) 24.71) 36.81) 33.53] 35.03) 37.32) 33.45 ao 37.69} 33.65| 35.75) 37.12) 33.86) 35.73) 38.36 


(a) Unless otherwise stated the temperature figures in al! the tables are expressed in Fahrenheit degrees. 
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TABLE 2.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
JANUARY, 1913. 


Gravel. Sand. Loam. Clay. Peat. 
Date. 
6” 12’ 18” 6” 12” 18” 6” 2a 18” 6” 12’ 18” 6” 12” 18” 
ae ceiicate 31.63) 32.73) 34.23) 31.53] 32.87) 34.83) 31.13} 33.17] 34.97) 31.57! 33.37] 34:73) 31.47| 33.13) 35.80 
DR eee 31.77! 32.83) 34.30} 31.67) 82.93) 34.97] 31.13) 33.23) 35.00] 31.63] 33.40) 34.70] 31.47) 33.23) 35.80 
Saporteneee 32.40} 33.23) 34.97] 32.17) 33.53] 35.37| 31.57) 33.67| 35.30] 32.27) 34.00) 35.07] 31.87) 33.73) 36.10 
Letra eee 32.43] 33.30) 34.90] 32.17] 33.50) 35.33] 31.83) 33.80] 35.37] 32.20! 34.03] 35.10] 31.97] 33.57] 35.93 
enone 31.57; 32.70) 34.43) 31.43) 32.87) 34.80] 31.10} 33.23] 35.10} 31.43] 33.43] 34.80) 31.47) 33.20] 35.90 
MAaw a oe oke 32.43) 33.33) 35.03) 32.50) 33.50) 35.37} 31.63/ 33.90} 35.60] 32.33) 34.10) 35.40) 32.17) 34.00] 36.47 
oleae Memos 32.70) 33.60) 35.10} 32.50} 33.80) 35.70] 31.80) 34.10, 35.80; 32.40] 34.20) 35.10] 32.20) 34.10] 36.50 
RS OE St metas 31.80] 32.95) 34.35] 31.65] 32.90] 34.85) 31.20} 33.30] 34.95) 31.60] 33.30) 34.75) 31.50] 32.80] 35.70 
Qasr ee Ne 32.03] 33.00} 34.53) 31.83] 32.97) 34.93] 31.53] 33.47) 35.10) 31.87, 33.43) 34.67] 31.63] 33.30! 35.83 
Sie pees a 32.13] 33.07) 34.43] 31.80} 33.03) 34.97) 31.30) 33.30) 34.97) 31.83] 33.40) 34.67) 31.70] 33.23) 35.67 


UB eevee eee 32.27| 33.80) 34.83] 32.17) 33.63} 34.97] 31.87| 33.60) 35.17! 32.17} 34.00} 35.00] 32.00} 33.30] 35.60 
Lars letchar eis 32.97| 33.93] 35.03) 33.03] 34.03) 35.57) 32.13/°33.87) 35.50] 32:73) 34.10) 35.27) 32.13] 33.53] 35.90 
PARE BER aoe 33.43] 34.13) 35.40] 33.23] 34.23) 35.60} 32.27) 34.10) 35.60) 32.87) 34.30) 35.33] 32.13] 33.50) 35.97 
0 ire eee 33.27] 34.17] 35.33] 33.17) 34.23) .35.50) 31.97) 33.90) 35.40] 32.80) 34.07) 35.10) 32.03] 33.47) 35.63 
} 
VD ISP BE ROA aeeE 33.17) 34.10) 35.37) 33.03) 34.10) 35.50) 31.97) 33.83) 35.20] 32.80) 34.17) 35.13) 32.00) 33.30) 35.70 
7: ee oe 33.13] 34.00) 35.27) 33.00) 34.00] 35.30] 32.00] 33.87) 35.20) 32.87) 34.23) 35.17) 32.03] 33.37] 35.70 
DD said siniahe raters 33.27) 34.10) 35.30) 33.10) 34.07) 35.53] 32.07] 33.97) 35.33) 32.93) 34.20) 35.23) 32.03] 33.37] 35.80 
Dipeteeee 33.10) 33.90) 35.13) 32.83) 33.93) 35.13] 31.90! 33.93) 35.07) 32.80) 34.00) 35.00)- 31.80) 33.07] 35.53 
Die sacar? 32.50) 33.43] 34.93} 31.87) 33.37) 35.03) 31.93) 33.80} 35.07] 32.63) 34.03) 35.03) 31.90) 33.17] 35.53 
A Nea Breen 31.13) 32.90) 34.73] 29.70) 32.67) 34.80] 31.47] 33.83} 35.13] 31.93) 33.90) 34.90) 30.97) 33.23) 35.63 
SOE oi etealaroat hs 31.03) 32.20) 34.03} 30.67) 32.13) 34.20) 31.10] 33.17) 34.77) 31.33) 33.20) 34.27| 30.87| 32.87] 35.07 
Dliteers eters et 31.67| 32.50) 33.98) 31.30) 32.17] 33.90] 31.13] 33.20) 34.80} 31.70) 33.17) 34.30) 31.30) 32.93) 35.23 


Average. ..| 32.39) 33.38) 34.82) 32.11) 33.41| 35.06) 31.64) 33.66) 35.18 Say 33.82) 34.94) 31.78) 33.36) 35.78 
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TABLE 3.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
FEBRUARY, 1918. 


Gravel. Sand. Loam. 

Date. 
6” M38 al cass 6" 2a. 6” 12” 
De Are dasa axe 29.26) 32.23] 34.16) 30.86) 32.80] 34.30) 31.00) 33.23 
DD ieaaaratp ners 28.63) 30.36) 33.13] 27.83] 30.93) 33.53) 29.26) 32.63 
C etae naan 27.66) 30.10) 33.16} 26.00) 30.63) 33.70} 28.96) 32.76 
Dae a oteaere 24.33] 27.96] 32.56] 21.30) 28.23) 33.10) 26.26) 32.00 
 Geteicace ts 22.96) 26.26] 31.90! 19.86) 26.63) 32.73] 24.66} 31.46 
TE hea se 25.86] 27.70] 31.73) 23.86) 28.00] 32.76) 25.93) 31.30 
Doiacde veins 26.70] 28.20] 31.20} 25.83) 28.73) 32.06) 26.40) 30.83 
OG eee 25.30) 27.20] 31.20) 24.06) 28.03) 31:90] 25.80) 30.40 
1 Ly ee oes 28.20] 29.06} 30.66} 28.40) 29.50) 31.20) 27.46) 29.86 
| Ve ener 24.30} 26.86) 30.96; 22.10} 27.46) 31.70} 25.36) 30.13 
1S tata ae 22.43] 25.20) 30.46) 19.60) 25.96] 30.90) 23.30) 29.43 
1h Eee eae 24.93] 26.53] 30.23] 23.73] 27.23] 30.90) 24.80) 29.03 
16 Se meen creastece 29.00} 29.63] 30.66) 29.13} 29.93) 31.00) 27.90} 29.60 
Ader cee 29.30) 30.03) 31.10) 29.06) 30.03} 31.20) 28.46) 30.03 
LNCS ieiich aie 28.23) 29.27] 31.03] 27.57) 29.20] 31.23) 27.87) 29.97 
OO isis oh et 30.57} 30.70} 31.10) 30.70) 31.07} 31.43) 29.17) 30.07 
DO eer ae oo reve 31.57] 31.57] 31.47| 31.37) 31.60) 31.63] 29.93] 30.97 
PA [cet eae 32.17) 32.57) 32.20) 31.97] 32.30) 32.47) 30.97) 31.57 
DD vigie cone oh 31.83; 31.93} 32.03} 31.63} 31.93] 31.93) 30.70} 31.20 
DA tenes toc 32.00} 32.00} 32.05) 31.75) 32.00} 32.15) 31.00) 31.30 
WOiaetaid diessteten 31.57] 31.83) 31.67) 31.43] 31.73} 31.97] 30.67) 31.07 
1 el ae 31.63] 31.73) 31.77| 31.30) 31.60} 31.97] 30.47) 31.10 
deo. ete 31.57| 31:77] 31.97) 31.53] 31.83) 32.33] 30.63) 31.30 
PAS aR AS ABTS 31.73) 31.97] 31.83] 31.47) 31.80} 32.10) 30.47) 31.20 
Average..., 28.40, 29.70) 31.67) 28.01. eal 32.09) 28.23) 30.94 


32,78 28.59 


Clay. 


Peat. 


30.77) 33.31 


EXPERIMENT STATION BULLETINS. 697 


TABLE 4——AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 


MARCH, 1913. 
Gravel. Sand. Loam. Clay. Peat. 
Date. | | | 
6” 12” | 185 167 12 S184 oi) 6" 12k; | +8 6” 12 188 Ce a Wee PSH: 
| | 
| | 

i 31.47} 31.70) 31.80| 31.43] 31.67] 32.13) 30.17| 31.07) 31.77] 30.57| 31.27] 31.47] 30.90) 30.87) 32.23 
6 CREO S | 31.69) 31.77) 31.87) 30.87) 31.63) 32.17) 30.90) 31.10 31.77] 30.27) 31.13] 31.57] 30.13) 30.87) 32.33 
(Se | 31.77| 31.93) 32.20) 31.17] 31.80] 32.43] 30.47) 31.40] 32.23] 30.87) 31.47] 31.90) 30.53) 31.07) 32.70 
ovo aaa 31.77) 32.10) 32.33) 30.87| 31.77] 32.60} 30.13) 31.23] 32.00] 30.70) 31.30} 31.77) 30.13 30.93) 32.57 
ie aes ee | 31.60} 31.87) 32.20) 31.27] 31.70} 32.70] 30.07, 31.20) 31.97) 30.43) 31.33) 31.77) 30.03 30.83} 32.63 
31.70| 32.00) 32.43) 30.70] 31.70] 32.70) 30.00) 31.20] 32.10) 30.40) 31.53] 32.02) 29.33) 30.93 32.73 

31.47| 32.00] 32.50) 30.47) 31.53] 32.70) 29.93) 31.27] 32.13) 30.20] 31.37] 31.97] 28.93] 30.80) 32.83 

31.70| 32.03) 32.63| 31.69] 32.00] 32.47) 30.60} 31.27| 32.17) 31.20); 31.57) 31.93} 30.97| 31.07| 32.77 

31.73] 32.00) 32.50) 31.57) 31.87| 32.40) 30.53] 31.33) 32.30) 31.40) 31.70] 32.10] 31.23) 31.07) 32.83 

32.33] 32.53) 33.00) 32.03) 32.40/ 32 87) 31.07] 31.83] 32.77] 31.63] 32.00) 32.50} 31.70] 31.50) 33.10 

113 Se ao en oes 32.30] 32.60) 32.90) 31.90} 32.27| 32.87) 31.10] 31.70} 32.60) 31.80! 31.93) 32.63) 31.73 31.43) 32.97 
EA aoeaoe 32.90} 32.50) 32.97! 32.57] 32.30) 33.03] 31.73] 31.90} 32.53] 32.50] 32.17) 32.50} 32.17} 31.70) 33.13 
yh Saree 31.77| 32.43) 32.90) 31.53] 32.07) 32.97] 31.63] 31.80] 32.57| 32.17) 32.07| 32.43] 32.10] 31.63) 33.00 
Deh eee 32.07| 32.23) 32.77] 32.17] 32.00] 32.80] 31.43] 31.57! 32.23) 31.97] 31.87] 32.10] 31.77) 31.33) 32.77 
Jb es ees 38.87| 33.80) 33.00] 39.37] 33.70) 33.03] 32.67] 31.50} 32.27] 33.43; 32.13] 32.43] 32.00] 31.53! 32.93 
71 ee 43.27| 37.90) 35 03) 43.67 37.90] 35.30] 36.13) 31.93| 32.70) 37.93] 32.27) 32.70) 32.10) 31.63) 33.03 
ONE ce An Ss 36.37| 36.34! 35.70| 36.47] 36.27) 35.80| 33.43] 32-03) 32.77| 34.87] 32.33) 32.77| 32.20] 31.90| 33.27 
Dee Meroe tis 33.73) 34.03} 34.50) 33.70) 34.13; 34.57] 32.07] 32.10) 32.93) 33.13] 32.37) 32.80] 32.27) 31.90) 33.23 
Dee Sete Sey cat 46.57) 39.80) 35 83 | 46.17| 38.77| 35.73| 41.23] 31.63] 32.37| 42.20] 32.00) 32.60] 31.93) 31.60| 33.17 
DO AEH eats, fe 35.20| 37.40) 37.60| 35.07) 37.33] 37.37| 33.00] 31.90] 32.90) 34.83) 32.63) 32.73) 31.97) 31.70) 33.13 
WO tas 8 32.83) 34 87) 35.73| 32.47) 34.73) 35.67] 31.40] 31.53] 32.80} 32.40) 32.90) 33.17) 31.63] 31.20) 32.87 
2H EN eee 32.83) 34.33) 35.27| 32.50| 34.17] 35.30) 31.50] 31.67} 32.93) 32.47] 33.03) 33.47) 31.83] 31.40) 33.07 
DOobciae ne sia 32.77| 33.97| 34.90) 32.33) 33.87| 34.87| 31.40] 31.70] 32.93) 32.53] 33.17) 33.53) 31.73] 31.50) 33.23 
DORE tra oe 32.67| 33.50) 34.47) 32.07) 33.37| 34.37] 31.03] 31.97] 33.10] 32.70] 33.60) 33.87) 32.03] 31.73) 33.37 
Be cere Pees 42.75| 39.70| 37.75) 42.93} 39.13| 37:10] 39.67] 31.17| 32.70) 41.17) 37.03) 35.60} 31.83] 31.07) 32.87 
Ee See eee aS ee ee 

Average... 34.16) 33.81] 33.78, 33.88) 33.60 33.84| 32.10) 31.56) 32.46 32.95) 32.25) 32.57 31.33) 31.33 32.91 

| 


Peat. 


31.97 
32.00 
31.80 
32.20 
32.13 


32.00 
31 90 
31.67 
31.83 
31.97 


32.00 
31.97 
32.37 
32.20 
32.57 


32.73 
33.10 
39.37 
41.93 
45.00 


47.37 
50.13 
49.93 
48.20 
47.60 
47.60 


37.06) 39.11 
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TABLE 5.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 

APRIL, 1913. e 
Gravel. Sand. Loam. Clay. 
Date. — _—— 
6” 12°19 18? 6” ry aL Si elieO ie Si bok 6” 2s Ss 6” 
iL asa a oe 43.97) 40.30) 39.03] 43.87] 39.80! 38.97) 39.00) 32.97! 34.67| 40.83) 38.63) 37.77) 32.53 
PA Be net 40.70} 40.40) 39.63) 40.17) 39.93) 39.30 38.57] 37.20) 36.27] 39.43) 38.90| 37.97] 32:47 
nies sree 45.77| 41.23) 39.90; 45.23) 40.60] 39.80) 42.93) 38.77] 37.90] 42.77) 39.03] 38.20! 33.00 
Ce eer eee 50.67! 46.97} 42.90) 49.97] 46.03] 42.67) 49.97) 42.97] 29.67| 49.53) 43.13) 40.67] 34.90 
Tyg ceaseee 40.47) 41.70) 42.20) 40.57| 41.77] 42.30) 40.33) 42.43) 40.97; 40.57) 42.33) 41.67] 33.10 
AS facts | 39.97| 39.97} 40.37) 40.10] 40.20) 40.43) 38.07) 39.70) 39.80] 38.03) 39.37| 39.60} 33.13 
Ses vere 42.00) 40.00} 39.97) 41.97] 39.70] 40.20) 38.97) 39.37; 39.57| 38.60) 38.90) 39.43] 32.97 
eg ee soa 40.27} 40.00) 40.23} 40.10) 39.87) 39.87| 37.53} 39.20) 39.07) 38.23} 39.23) 38.97] 32.77 
LOR osoee 41.90) 40.30} 40.10) 41.63} 40.23] 40.20) 39.87] 39.13] 39.17] 40.27] 39.17| 39.07] 33.27 
Ui iees ee 43.10) 42.37) 41.23) 42.97) 42.13] 41.13) 42.60) 40.87) 39.63] 42.77) 41.00) 40.07) 35.00 
1 CAR eS ee 40.73) 41.13] 41.00) 40.30] 40.93) 40.93) 40.57) 40.87) 40.20) 40.87) 41.00) 40.50} 34.23 
Ke ars eae 46.37| 43.17) 42.17| 46.40; 42.73] 42.03) 43.47) 41.67) 40.87) 43.00) 41.53) 41.20) 35.07 
Le Sec Rr 48.23/ 48.50) 42.43) 48.00] 43.10] 42.27) 44.40) 42.03} 41.13) 43.63) 41.80) 41.60] 35.57 
Ge Pe cee 52.00} 46.23) 43.70) 51.03) 45.57) 48.53) 47.70) 48.23) 41.43] 46.93] 43.30} 42.03] 36.63 
1 tees Bs Ses 53.03) 47.63) 45.27| 51.67) 46.50) 44.63) 48.70] 44.50) 42.93) 48.40) 44.67) 43.37) 37.33 
1S eee 57.87) 51.00} 46.73) 56.17) 49.50 46.20) 53.47) 46.43) 43.83) 52.87) 46.80 44.77) 39.73 
DE te gees 52.40) 50.00) 48.00) 51.60} 49.13} 47.40) 49.57) 47.80) 45.07) 49.77) 48.03) 46.47) 40.57 
ALE eek aR? 48.69} 46.27] 46.07} 47.47] 45.87) 45.67) 45.77] 45.73) 44.97) 45.63) 45.80) 45.37] 41.00 
Reha le 55.47| 49.13) 46.47) 54.30) 48.20) 46.27) 51.63) 46.27) 44.70) 51.13) 46.13) 45.13) 45.63 
ee aoa a ia 61.57) 54.00) 49.53) 61.27) 52.93] 48.83) 58.43] 49.63) 46.40] 57.37) 49.83) 47.60] 51.47 
Pe ie ORAS 62.57) 55.97) 51.50} 62.13] 54.83} 50.73) 59.87] 51.83] 48.00] 58.37] 52.03] 49.30) 54.37 
Oat wake 58.43) 56.50) 53.23) 57.90] 55.63) 52.70) 57.60} 54.07) 49.87] 57.40) 54.20| 51.53] 55.87 
rd Nie acer race 6 49.97] 51.03] 50.77) 49.57] 50.50} 50.33) 50.63] 51.67) 49.73) 50.90) 51.60) 50.70} 51.97 
DO Oe. meee 46.43) 45.70) 46.43) 46.77) 45.63) 46.43) 45.97] 46.83) 47.37! 45.87) 46.57| 47.10) 45.27 
LOR nee 50.73} 46.73) 46.33) 51.13] 46.80) 46.60) 47.70] 46:37] 46.50] 46.97| 46.27) 46.57) 46.73 
BU Rc ten 56.67} 50.30] 48.13] 56.23) 49.90) 48.07) 52.53] 47.97] 46.73] 51.30) 47.63| 47.07] 49.23 
4 eee ewe Tae th A at 
Average...| 48.84! 45.83) 44.36) 48.40} 45.31] 44.13) 46.38] 43.83) 42.56] 46.21) 44.11) 43.22) 39.76 
i} 
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TABLE 9.—AVERAGE TEMPERATURE OF ae pe tae OF SOIL, NOT COVERED WITH SAND, 


Gravel. Sand. Loam. Clay. Peat, 
Date. 


6” WN BK 6” 12r eee 6” 127 alae 6’ 12 | Se 6” 12” | 18” 


| 
DAS ate zeta reieh 60.87| 59.63) 58.79) 60.27) 59.03] 57.67) 59.83) 58.57| 55.80) 57.73] 57.50) 56.17) 58.97 56.90) 55.50 
UNE kee Ac 61.27| 58.57| 57.53] 61.10) 58.20) 56.63) 59.70) 57.47| 55.57) 58.77| 56.53) 55.70] 58.23) 56.63) 55.57 
NEE AO 58.87| 58.73) 58.33] 58.07] 58.40| 57.50) 59.17) 58.63] 56.03] 58.57) 58.27| 56.73] 59.87) 57.23) 55.77 
DS een Rae 55.83) 55.77) 55.80| 55.60} 55.40) 55.47) 55.73] 56.33) 55.57) 55.30) 55.87) 55.80) 57.23, 56.97) 56.03 
Pas ort hcae 61.90) 57.57) 56.10) 62.43) 57.37) 58.40) 59.63) 56.10) 54.67) 59.00) 55.90) 55.00) 58.27 56.37) 55.73 
PA eee ea 51.83) 53.33) 54.33] 51.10) 52.87] 54.37] 52.20] 54.97| 54.97] 51.60) 54.00] 55.00) 54.53, 56.37| 55.70 
LT ieee Renae 58.97) 54.90| 53.90} 59.70] 55.03) 53.67] 58.83] 53.97) 53.43] 56.57| 58.70] 53.53] 55.50, 54.97) 55.17 
PASS Oe Seat 64.77| 59.03) 57.00] 64.90) 59.03) 56.13] 61.50) 56.47) 54.07] 60.77) 56.23) 54.67) 58.73) 55.37) 54.70 
71) eee 64.47) 61.83| 60.37] 63.97] 61.30] 58.87) 63.17) 59.93) 56.13) 62.07) 59.37) 57.03] 61.40 57.07) 55.13 
SUncee stra. 60.03) 58.97) 58.57| 59.43] 58.37| 57.67| 59.90] 58.93) 56.90] 59.70] 58.43) 57.43) 59.90) 57.73) 56.00 
LO tery cae 64.37) 60.30) 59.03] 65.17| 60.27) 58.00) 62.60) 59.20) 56.83] 62.40) 59.13) 57.43) 61.33 57.93) 56.53 


Average...| 61.01) 57.80) 56.35) 60.75] 57.43 maki sa 56.61 54.36] 58.51) 56.22) 55.03) 58.03) 55.61/ 54.20 
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TABLE 7.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND. 


JUNE, 1913. 
oe ee ey 
Gravel. Sand. Loam. Clay. Peat. 
Date. SS 
6” 1 Ot 18” 6” | 1 or | 1 8” 6” 12” 1 8” 6” 1 Yaed 18” 6” 1 OF 18” 
| 
Deen, Serr 70.17| 65.17) 62.83} 69.70) 64.40, 61.40) 67.13} 62.53) 58.83) 65.03) 61.73) 59.67] 64.10) 60.07) 57.50 
Salers 72.50) 67.17) 64.77) 71.73) 66.27) 62.83) 69.83] 64.57) 60.23, 67.90) 63.63] 61.00) 65.97| 61.17) 58.53 
ARR i ko 70.70) 66.40} 64.87) 69.60) 65.43) 63.03} 68.80) 64.97] 61.50) 66.63) 63.80} 61.93) 65.53) 62.17) 60.43 
ee oe 71.30} 66.73) 65.07) 70.03) 65.63) 63.27) 67.47) 65.43] 62.03) 67.47) 64.17] 62.33) 65.70) 62.60] 61.20 
Gere ce ce 74.77) 69.07) 66.73; 73.70) 68.07) 64.60) 72.53] 66.90) 62.63) 71.50) 66.10) 63.13| 67.93) 63.27| 61.70 
(|, FOGER ae 64.27| 65.70) 65.93) 63.13) 64.70) 64.57) 65.73] 67.07] 63.73, 64.67| 66.00} 64.47) 66.67| 64.40, 62.47 
Ce 62.83! 60.27) 60.03) 61.93) 59.47, 59.33) 61.73| 60.93] 60.07) 60.43] 57.77| 60.10} 60.30! 61.60 61.50 
Oe: ee eae 68.57| 62.10} 60.93) 65.67) 61.30] 59.90) 64.70 61.37) 59.63) 63.40) 60.23) 59.53) 61.27] 60.80) 60.47 
1 See eee 69.23) 64.67) 63.07) 67.97) 63.73] 61.70) 62.23] 63.13] 60.40} 66.00) 62.33) 60.73) 63.27) 60.97) 59.90 
Wace oat 70.97} 69.50) 64.50) 69.07) 64.97} 62.80) 68.90, 64.57) 61.47| 67.80] 63.80) 61.80) 64.37] 61.57| 60.17 
| 

TSE sens te | 73.23! 67.87| 65.90) 71.73) 66.67| 63.97] 71.03] 66.00] 62.53) 70.23] 65.33] 63.03] 65.90] 62.40' 60.70 
DA oe a ore 76.37| 70.00) 67.63) 74.40) 68.60} 65.30) 73.87| 67.73) 63.53) 73.10) 67.27) 64.40) 67.8C| 63.43! 61.40 
LG) nee Actes 82.97| 76.13] 72.57) 79.70) 73.80) 69.33) 80.17) 72.63) 66.93] 79.70) 72.53] 68.27) 73.27] 66.90! 63.87 
i Poet ee 81.03] 75.90) 73.63) 80.47| 74.67) 70.57) 79.80 74.17] 68.60) 78.77) 73.90) 69.97| 75.27) €8.90 65.37 
toe eee 79.60} 75.07) 73.20) 78.87| 74.00] 70.73) 78.63, 74.03) 69.30, 76.93} 72.97; 70.27} 75.0(| 70.17) 66.83 
LO Sire. ae a6. 79.07) 75.33] 73.73) 77.97| 74.27] 71.23] 78.37] 74.60] 69.87] 76.83] 73.47; 70.53] 75.50] 71.03) 67.73 
ZONE cle ore | 75.00) 73.17) 72.27) 74.20) 72.10) 70.30] 75.47) 73.63} 69.93) 74.50] 72.53) 70.37! 74.52] 71.43) 68.50 
hee reve sere 70.77; 70.17| 69.87) 70.67| 69.17} 68.43) 71.67) 71.30] 68.97| 71.07) 70.37; 69.30) 72.22] 71.00 68.73 
DOR omer cs 76.70} 71.50] 69.70) 76.60! 70.93) 68.37| 74.57] 70.23] 67.27) 72.80) 69.17! 67.53) 71.80} 69.40] 67.80 
TAR eA Se 78.90| 73.90) 71 83| 77.13) 73.07) 70.07) 77.00] 72.07} 68.33) 75.23) 70.90) 68.67) 73.50) 69.80, 68.03 
VA eae 81.53] 76.27] 73.93} 79.90) 75.27] 71.77| 79.80] 74.20] 69.47] 78.37| 73.30] 70.07| 75.83] 70.80, 68.47 
CA en AREAS Arti 82.80} 77.33] 75.17| 80.63| 78.40} 72.83) 81.07] 75.47| 70.87| 79.80) 74.73) 71.40) 77.22) 72.03] 68.90 
es Obert 85.47] 79.73) 77.07| 83.77; 78.40] 74.30] 83.63] 77.27) 71.87) 82.37) 76.63) 72.83) 79.03] 73.43] 69.93 
7a eee OS tee 87.83] 81.30) 78.70) 85.03) 79.87] 75.67| 85.83] 79.00) 73.37) 84.40) 78.33) 73.87) 80.37] 74.73) 70.97 
OU Se ee 86.33] 81.87) 79.00) 83.93) 80.07} 77.10) 85.10] 80.60) 75.67) 83.47) 79.47) 76.37) 81.07] 77.23) 73.43 


Average... 75.72) 71.29) 69.32) 74.30) 70.13| 67.34) 73.80 69.78) 65.88) 72.74 68.82 66.4€ 70.54) 66.65) 64. 


=} 


TABLE 8.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, 


EXPERIMENT STATION 


BULLETINS. 


701 


NOT COVERED WITH SAND, 


JULY, 1913. 
Gravel. | Sand. Loam. Clay. Peat. 
Date. | 

6” 1275 \etSe | 6” 12a 6” 1279 se 6” Wes Ue 6’ Wo By 

Leer ee 84.23] 80.47] 78.87) 82.60] 79.00) 76.60) 83.67) 80.03) 75.70) 82.07) 78.53] 76.30} 80.63) 77.57) 74.17 
Ue es 81.50} 80.20] 78.23} 82.27] 78.83] 76.03) 83.67) 79.33) 75.27) 81.77) 78.13) 75.57) 79.93) 77.17) 74.23 
Deemer ees 83.00} 81.33] 79.20} 83.27] 79.33] 76.70) 84.80) 80.00) 75.63) 83.23) 78.83] 76.07| 80.37) 77.37| 74.50 
ANE eer es 86.10} 82.63} 80.70) 83.23] 81.07] 77.97| 85.83) 81.37| 76.43] 84.07) 80.37] 77.03) 81.83] 77.83] 74.60 
Denes mnee 79.33] 78.50| 78.23) 77.50) 77.43) 76.40) 79.90) 79.67) 76.43) 79.10) 78.57] 76.83} 79.47| 77.97) 75.07 
1c eee 73.60| 70.87| 71.00] 72.13] 69.70] 70.43, 72.27| 72.33) 72.13} 70.43] 70.69] 71.63] 71.40] 74.27] 73.77 
Sheet e cease 74.03) 72.27) 71.93] 72.67) 71.43] 70.87] 73.60) 72.63) 70.90! 71.63) 71.03] 70.67) 72.03) 72.63] 72.17 
Qs 5 arenas os 77.30) 72.87| 71.70) 76.10] 72.27) 70.63) 75.53) 72.30) 70.40} 74.20) 71.13] 70.30] 72.90) 71.90) 71.07 
OR Stree execs 76.70| 73.30) 72.40] 73.37] 72.43] 71.30] 75.53) 72.93) 70.73] 73.60) 71.50) 70.73) 72.83) 71.90| 70.63 
legate os na: 76.80| 73.60) 72.60) 75.00) 72.53) 71.47| 75.77| 73.40) 70.90} 73.83) 71.87] 71.27| 72.67) 71.83) 70.47 
ta ere 77.53] 74:70) 73.60) 76.13] 74.03] 72.33) 76.70) 74.20) 71.30 75.13| 72.93] 71.47) 73.97) 71.93 70.47 
Lae as a2 79.63) 75.70} 73.80) 77.97) 74.67| 72.70| 77.80] 74.40) 71.57| 76.33) 73.27) 71.80) 73.90] 72.20} 70.67 
Wie Sacer 80.53) 76.57| 75.33] 78.03] 75.67] 73.60] 79.10) 75.57) 72.17) 77.77) 74.53| 72.63) 75.60] 72.77| 70.87 
UU Re cere 80.50} 77.30} 76.10] 78.03] 76.43) 74.40) 79.43) 76.27| 72.97| 77.93) 75.27) 73.37) 76.27| 73.70) 71.37 
1 (a eee 75.50) 74.70) 74.67| 74.20) 73.77] 73.73] 75.63] 75.57| 73.30) 75.37| 74.63) 73.47] 74.37) 73.83] 71.97 
DB Re eer. es 78.87| 74.901 73.73] 79.87] 75.03] 72.90| 77.20] 74.33] 72.17] 76.33| 73.73) 72.53) 75.63] 73.731 72.03 
LOR Senet sc 79.43) 75.70| 74.50) 79.10/ 75.53) 73.73) 77.17) 74.67| 72.13) 75.63) 73.70) 72.60) 74.70) 73.83] 72.07 
PE Deter we 77.70| 74.37| 73.63] 76.18) 73.47) 72.50| 75.90) 73.90) 72.00] 74.10) 72.50) 71.97| 73.27) 72.77) 71.67 
PES eae 76.80) 74.17) 78.73) 74.48) 72.83) 72.43] 75.03] 73.80] 72.00) 73.20) 72.27) 71.83) 72.70) 72.53) 71.37 
Diera gists es 71.50) 72.63] 73.10] 70.00) 71.67] 72.13) 71.93] 73.47) 71.63) 70.33) 71.87) 71.53) 71.87) 72.23) 71.03 
7 eRe 72.27) 70.20) 70.10} 71.33) 69.50| 69.47) 71.50] 70.57| 70.07| 70.47| 69.43) 69.80] 70.47) 70.90} 70.57 
DO tetas seat 73.77 70.53) 69.97| 72.03) 69.50) 69.73) 72.30] 70.47) 69.40] 70.87) 69.27| 69.30) 70.30} 70.40) 70.00 
A a ee eae 78.97| 74.03) 72.50 76.73 | 71.97] 71.07) 76.80} 72.23) 69.73] 75.60) 71.43) 69.87) 73.10) 70.53) 69.57 
DBs ce 80.30) 76.50; 75.07| 78.93) 75.97) 73.43) 78.97| 75.33) 72.07) 78.30) 74.80} 72.77| 77.10) 73.00) 70.63 
PA ete soe 81.63) 77.47] 76.03] 80.40) 77.00] 74.53) 79.73] 76.17) 72.87| 78.73) 75.53] 73.57| 77.97) 74.33) 71.63 
SU ener racer see 85.37) 80.13) 78.13] 83.57) 79.30) 75.97) 85.67| 77.80) 73.90) 81.93] 77.23) 74.57) 80.07) 75.43) 72.60 
Blicen en es 82.70) 80.23} 79.13) 80.07| 79.10 77.07} 81.63] 79.07) 75.03) 80.33] 78.18) 75.93] 79.70) 76.73] 73.63 
Average... 78.73 75.77| 74.74 77.23 74.79] 73.34) 77.89] 75.25) 72.55| 76.38) 74.11) 72.79) 75.34) 73.75) 71.96 
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TABLE 9.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 


AUGUST, 1913. 


Date. 


Gravel. 


6” 


12” | 


18” 6” 


Sand. 


12” 


Loam. 


Clay. 


18” 


6” 


We 


18” 


24 


Average... 


78 .03 
77.87 
76.17 
74.40 
74.57 
76.60 


78.43 
76.87 
70.73 


78.07 


80.60 
82.00 
82.43 
79.43 
78.47 


77.40 
74.80 
74.43 
72.53 
69.47 


76.00 
75.10 
70.00 
- 69.00 
70.07 


73.10, 


73.23 75.64 
| 


77.40 
77.73 
76.47 
73.33 
73.73 
75.07 


77.00 
76.43 
69.00 
70.53 
74.57 


77.73 
79.93 
82.03 
78.33 
75.93 


74.20 
74.77 
74.13 
70.83 
68.30 


73.03 
73.10 
69.80 
68.27 
69.07 


71 ou 74.26 


72.61 


| 75.10 


74.23 
73.17 
72.57 
72.33 
71.83 


72.70 
73.33 
‘71.20 
69.83 
70.03 


71.63 
73.43 
74.90 
74.53 
74.13 


73.23 
73.20 
72.73 
71.43 
69.90 


69.30 
70.10 
70.20 
69.03 
68.43 


Peat 


74.07 
74.17 
73.83 
73.30 
72.63 
72.27 


72.13 
72.93 
74.30 
72.87 
71.53 


71.10 
71.67 
72.70 
75,27 
75.03 


74.50 
73.80 
73.37 
73.00 
71.00 


70.07 
69.67 
69.70 
69.63 
69.27 


72.02) 74.24) 73.54) 72.45 


EXPERIMENT STATION BULLETINS. 
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TABLE 10.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
SEPTEMBER, 1913. 


Date. 


we 
o 


Average... 


Gravel. 


Sand. 


12” 


65.45) 


66.09 


65.09 


65.34 


Loam. 


1 on 


65.59) 65.34 


Clay. 


65.22| 64.56 


Peat. 


65.27| 65.63/ 65.69 
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TABLE 11.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 


OCTOBER, 


1913. 


Gravel. Sand. 
Date. 

| 
6" 2” 18” 6” 12" 
1a nea 64.07] 62.97) 62.87) 63.53} 62.90 
Qikaleasntics 58.07] 60.47} 61.60} 57.10} 60.00 
Den tet tercers 59.33} 58.60) 59.07) 59.07] 58.40 
tA otheeecicae 59.13] 58.30} 58.73] 59.03] 58.00 
Geacrtoewes 63.90} 61.30) 60.87) 64.13] 61.27 
1 TB to 69.83) 63.77] 62.87) 66.57) 63.60 
OSE cic 66.13) 64.93] 64.40] 65.73) 64.73 
SSI ea 65.63) 64.17] 63.93} 65.30) 63.87 
VOL scmreceee 66.63) 64.93] 64.40) 67.13; 64.90 
i (ee eer ae 62.90) 64.23] 64.57} 61.93) 64.07 
IES bed A ae 52.17) 53.60! 55.47] 51.43] 53.27 
1a, ee 53.87| 53.50] 54.43] 54.47] 53.73 
a a oerad 55.80} 55.23) 56.07] 56.10) 55.57 
WG: waeatee ok 54.73} 55.60) 56.43) 54.63} 55.83 
LY rane ee 55.67) 55.50) 56.07! 55.47| 55.63 
1b eee 51.70} 54.13) 55.47) 50.63) 54.00 
DO ears toe 45.83] 48.20) 50.10) 45.37] 48.17 
Die ee ees 46.37) 47.77| 49.23) 46.17] 47.87 
7) a eee 42.90) 45.93} 47.97| 42.10) 45.87 
Pe lol aad Meh 40.20) 43.48) 45.73) 39.53] 43.13 
DE ANS. xe 45.00) 44.87] 45.33] 44.77] 44.63 
Dad ax wit ae 43.50} 44.97| 46.17] 42.73} 44.87 
lise nese 44.43) 46.00) 47.00} 44.10) 46.17 
DAS ee eens ee 44.40! 45.33) 46.30) 43.87) 45.43 
29S Ree 44.37) 45.37) 46.37| 43.83) 45.43 
6 eeatcaeoae 41.00) 43.63] 45.27) 39.67] 43.37 
Bi Re Seen 40.00) 42.10) 43.77| 39.90) 41.87 
pe a eee PSY [eee | eee 
Average...| 53.24) 53.66) 54.46) 52.75] 53.58 


55.07} 52.54 


Loam. 


Clay. 


1 Qu 


Peat. 


6” 12" | 18 


63.03} 61.23) 60.77 
60.73) 61.67) 61.47 
59.00) 60.50) 61.37 
57.70} 59.90) 60.93 
60.63} 59.73) 60.13 


63.17} 60.73] 60.40 
64.93} 62.00) 61.20 
64.47] 62.73] 61.93 
65.43) 63.27) 62.53 
64.87) 64.07) 63.07 


53.67] 59.90) 62.00 
53.10} 57.37| 59.10 
54.27| 56.40) 58.10 
54.90) 56.37) 56.93 
54.97! 55.97) 57.98 


54 fi 56.20| 57.43 
48.03| 52.97| 55.80 
47.13| 51.57| 54.70 
45.53| 50.43) 53.47 
42.53| 48.73| 52.37 
2.10 46.43] 50.30 


42.87] 45.97) 49.17 
44.23] 45.57) 48.47 
43.80} 45.97| 48.37 
43.70} 45.83) 48.20 
42.30) 45.63) 48.07 
40.47| 44.70) 47.70 


53.03) 54.88) 56.37 


EXPERIMENT STATION BULLETINS. 
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TABLE 12.—AVERAGE TEMPERATURE -OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
NOVEMBER, 1913. 


Date. 


Average... 


Gravel. 


18” 


42.63 
43.73 
43.87 
42.40 
42.03 


44.00 
46.87 
40.77 
39.83 
39.30 


38.47 
38.77 
38.97 
39.00 
41.13 


45.73 
49.47 
51.20 
52.23 
46.47 


43.13 
43.13 
43.00 
42.77 
43.87 


43.71| 41.97 


Sand. 


12" 


Loam. 


12” 


Peat. 


43.42) 45.45 
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BEGINNING WITH THIRD YEAR. 


TABLE 13.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 
DECEMBER, 1913. 


Date. 


Average... 


Gravel. 


48.53 
49.30 
49.00 
45.90 
44.70 


43.70 
40.67 
38.83 
38.00 
37.67 


37.23 
37.30 
37.63 
37.67 
38.07 


37.67 
36.90 
36.53 
35.53 
35.17 


35.00 
35.30 
35.03 
34.73 
34.57 
34.77 


39.05| 35.73 


Sand. 


wo 

a 

Go 
SINSS 


38.13 40.41 


Loam. 


Clay. 


12” 


| 48.07 
49.10 
48.97 
46.47 
44.27 


43.07 
40.43, 
38.53 
37.37 
37.07 


36.50 
36.43 
37.00 
| 36.87 
37.53 


37.33 
36.70 
36.17 
35.23 
34.77 


34.50 
34.73 
34.53 
34.13 
34.03 
34.27 


18” 


47.00 
48.27 
48.93 
47.63 
46.27 


45.13 
43.40 
41.57 
40.37 
39.80 


39.10 
38.80 
38.99 
38.73 
39.10 


39.03 
38.63 
38.20 
37.47 
36.93 


36.53 
36.60 
36.33 
35.83 
35.77 
35.90 


47.73 
49.03 
48.57 
45.20 
43.67 


42.07 
39.93 
37.53 
36.50 
36.17 


35.50 
34.87 
34.33 
33.87 
34.30 


34.57 
34.10 
34.37 
33.87 
33.43 


32.97 
32.97 
33.03 
32.10 
32.40 
31.33 


Peat. 


45.20 
46.63 
47.70 
47.47 
46.47 


45.47 
43.93 
42.43 
41.13 
40.13 


39.23 
38.60 
37.87 
37.57 
37.43 


37.30 
37.20 
37.07 
36.80 
36.43 


36.03 
35.77 
35.40 
34.80 
34.43 
34.70 


36.59 38.62 40.40 37.09| 39.74) 42.03 
i , 


EXPERIMENT STATION 


BULLETINS. 
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TABLE 14——AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 
JANUARY, 1914. 


Gravel. 
Date. 
6” | 12708? 6” 

[ih ie 5 eee 32.37] 33.93] 34.73] 32.20) 
0 ee 32.47} 33.93] 34.87| 32.13 
Biiters rave are ec 32.60] 34.07) 34.93] 32.43) 
Hi. 2 aoa Oe 33.00) 34.37) 35.07) 32.77 
Doe ceea ees. 33.27) 34.43] 35.10! 33.00 
Uae 33.20} 34.40} 35.20) 33.07 
(oi ee Sees 33.30) 34.47) 35.13) 33.03 
CE ne eae 33.33) 34.50) 35.13; 33.03 
LV: een et 33.43] 34.53, 35.23) 33.20 
PA a ae 3.43| 34.70] 35.43} 33.17 
eS I rnd eee 33.57| 34.73] 35.50} 33.10 
ee 33.67} 34.90} 35.57) 33.17 
15s Se eae 33.57| 34.70! 35.43} 33.10 
Grete senesr 33.67| 34.83} 35.57) 33.20 
Doi. cae be 33.70) 34.93) 35.60) 33.37) 
jt ae oe 33.80) 34.90} 35.53) 33.40 
PIE eee ie ae 33.77] 34.90) 35.53] 33.37 
len act ees 33.87} 34.93) 35.60) 33.53 
DO Rca ook 33.93} 34.93} 35.60) 33.57 
Dl eee ae 33.90] 34.87) 35.53) 33.53 
PA Aa 33.93! 34.83) 35.50) 33.50 
WO He vecse ae 33.67) 34.90) 35.63) 33.20 
lee Aeros 33.50) 34.63) 35.37| 33.17 
Ee ae Sevan 33.67} 34.67| 35.37| 33.30 
DOE Minis 24s 39.60} 37.63} 36.70) 40.20 
BO ps ode a sxevess 34.40] 36.23) 37.07; 33.90 
i Bs a ae 33.40} 34.97] 35.93] 32.97 
Average 33.70| 34.81| 35.48) 33.39 


34.85) 36.38 


Sand. 


Loam. Clay. 


18” 


36.03 
35.90 
35.93 
35.97 
35.93 


35.90 
35.93 
35.90 
| 36.00 
36.17 


36.30 
36.53 
36.40 
36.37 
| 36.37 


36.37 
36.33 
36.37 
36.33 


36.23 
36.33 
36.37 
36.23 


35 97 
35.70 
36,87 
36.83 


35.60 33.87 


33.05} 34.80 36.21] 34.00) 35.14 
} } 


Peat. 


34.60 
34.63 
34.60 
34.70 
34.67 


34.63 
34.57 
34.57 
34.63 
34.80 


34.87 
35.10 
35.00 
34.97 
35.00 


34.93 
34.97 
35.00 
35.00 


34.87 
34.97 
34.80 
34.67 


34.67 
34.40 
34.50 
34.53 


34.76) 36.90 
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TABLE 15.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 
FEBRUARY, 1914. 


] | 
Gravel. Sand. Loam. Clay. Peat. 
Date. |—————___—_ a | 
6" Ze | tS eG 20 | 187 6” 127-7) 18% 6’ 12% |) 185 16% 12) eres 
| 

I ne Pee | 33.53) 34.80 35.57) 33.20) 34.90] 36.47) 33.30) 35.13] 36.47] 33.90! 35.20! 36.40) 33.47) 34.90! 36.80 
Dave aorta sare 33.40) 34.57) 35.30) 33.07) 34.57) 36.13) 33.03) 34.80) 36.13) 33.60) 34.97) 36.13) 33.33) 34.73) 36.63 
ls Lee Ber | 33.60) 34.73) 85.43) 33.37) 34.77) 36.27) 33.37) 34.93) 36.20) 33.87) 35.07, 36.27) 33.40) 34.80) 36.70 
Btn cate ee 33.70} 34.77| 35.47) 33.37| 34.83) 36.37} 33.37) 35.03] 36.20) 33.93) 35.13) 36.20) 33.50] 34.87] 36.77 
(Hote ie eee 33.70) 34.80] 35.47) 33.23) 34.70! 36.27) 33.30) 34.93) 36.17) 33.90) 35.07| 36.17, 33.40) 34.83] 36.73 
REITER OP 33.70) 34.80) 35.43) 33.23] 34.70) 36.13] 33.33] 34.93] 36.07] 33.93) 35.00) 36.13) 33.43) 34.83] 36.57 
DMN 22 _ Se: | 33.90] 35.00] 35.63) 33.27] 34.83] 36.33| 33.43] 35.07] 36.23) 34.07) 35.23 36.23) 33.67| 35.00) 36.87 
LO we eee Se. 33.73} 34.83] 35.50) 33.07] 34.57) 36.17| 33.33) 34.93) 36.03] 33.90) 35.07) 36.17) 33.57] 34.87| 36.73 
i) eee 33.63} 34.77| 35.43) 32.97) 34.60) 36.20) 33.27) 34.93) 36.17] 33.90) 35.10) 36.17) 33.60) 34.87) 36.73 
fo iar ae: 33.70) 34.93} 35.50) 32.93) 34.63) 36.17) 33.43) 35.10) 36.17] 34.07) 35.17] 36.27) 33.70] 35.07| 36.87 
Be anes | 33.53) 34.70) 35.37) 32.33] 34.43) 36.13! 33.30) 35.00] 36.20] 33.83) 35.07) 36.17) 33.70] 35.00) 36.77 
14. Ve. ope tere 33.20) 34.37] 35.13) 32.13) 34.17] 35.77) 33.07) 34.73) 35.93] 33.60) 34.77) 35.87) 33.50] 34.77) 36.63 
eae Boats 33.13) 34.27) 34.97) 32.33] 34.10! 35.67) 32.90) 34.60) 35.77| 33.50) 34.70) 35.73) 33.40) 34.73) 36.53 
U5 oe ee 33.30} 34.37] 34.97) 32.37) 34.03) 35.60) 32.90) 34.60] 35.73] 33.50) 34.77) 35.70) 33.43] 34.67] 36.50 
DSc. aconete 33.27} 34.27| 34.90) 32.40) 34.03) 35.57) 32.90) 34.50} 35.67] 33.50] 34.67 35.70} 33.33) 34.60) 36.47 
Tock fesse. 33.27| 34.27 34.90! 32.47) 34.07] 35.53) 32.90) 34.43] 35.57] 33.57) 34.63] 35.63) 33.33] 34.53) 36.37 
DO ndeaccee« 33.40) 34.33) 35.07) 32.63) 34.23) 35.70} 33.07) 34.57) 35.67| 33.67! 34.80) 35.70) 33.40} 34.67) 36.43 
Tes ete tan 33.43] 34.43] 35.03) 32.70) 34.23) 35.73) 33.10) 34.60) 35.70] 33.70| 34.77| 35.77| 33.40] 34.67! 36.47 
DBine Seca 33.47| 34.50] 35.00) 32.77) 34.33] 35.73) 33.17) 34.63] 35.67] 33.80) 34.90| 35.77) 33.43] 34.70] 36.50 
A Not hecarame- 33.23] 34.27| 34.87) 32.50) 33.80] 35.57] 32.87) 34.53] 35.53] 33.57] 34.70) 35.60) 33.27] 34.57| 36.30 
A ec ater. 33.40] 34.60) 35.20, 32.80) 34.40) 35.90) 33.20) 34.70) 35.90] 33.90) 35.00) 35.90! 33.50} 34.90) 36.60 
DOAS oe eieis ter 33.13) 34.17] 34.87) 32.20) 34.00) 35.47) 32.83] 34.43] 35.50) 33.47) 34.57) 35.50) 33.23) 34.50) 36.33 
Py Reyer 33.13) 34.13] 34.67) 32.50} 33.93) 35.33] 32.70] 34.27] 35.27] 33.47) 34.53) 35.43] 33.13) 34.37) 36.17 
DS erarieeiette 33.07| 33.93] 34.60) 32.50) 33.87, 35.33) 32.70} 34.20] 35.30] 33.43) 34.43) 35.30) 32.93) 34.33] 36.03 
Average...| 33.44) 34.53) 35.18! 32.76) 34.36| 35.90) 33.12) 34.73) 35.89] 33.73) 34.89) 35.91) 33.42) 34.74) 36.56 


TABLE 16—AVERAGE 


Date. 


Average... 


Gravel. 


12? 


EXPERIMENT STATION 


BULLETINS. 


709 


TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 
MARCH, 1914. 


| Sand. 


12% 


18” 


Loam. 


36.33 35.58) 35.97 


36.55 


35.33 


35.94) 36.25 


Clay. 


12” 


Peat. 


36.56) 33.59) 34.46) 36.03 


710 STATE BOARD OF AGRICULTURE. 
TABLE 17—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 
APRIL, 1914. 
; S 
| Gravel. Sand. Loam. » Clay. Peat. 
Date. 
| \ 
6’ 12” 18” 6” 1229 S18 6” | 12’ 18” 6” 12% 18” 6” 12” 18’ 
(| eee [eee era ices wear foes eae | ——|—_——_ 
1 LAN ree to | 44.37| 43.27) 42.50) 44.37 43.10 42.00) 43.70| 42.47| 40.87) 44.13) 42.37) 41.50) 42.50) 39.73) 39.60 
Dis Sen 40.27) 41.40; 41.70) 39.87) 41.20) 41.70) 40.83) 41.93) 41.10] 41.10) 41.83] 41.70] 41.43) 40.83] 40.37 
SBR Ciencicea 7 39.90) 39.80) 40.07) 40.03] 39.77) 40.47) 39.40) 40.27| 40.53) 39.83) 40.13! 40.70) 39.87! 40.57) 40.83 
Rone rata | 36.20} 38.00} 39.03} 36.33) 38.17) 39.83) 36.30) 39.20} 40.00) 36.53) 38.90) 40.13) 36.73) 40.27) 40.90 
Cisse AD 34.67) 36.67) 37.67) 34.27) 36.87 38.53) 34.93) 37.53) 38.47] 35.03) 37.30] 38.37] 36.80) 38.63) 39.90 
| | 
Rc 35.27| 36.03] 36.67| 35.10] 36.20] 37.67| 34.40] 36.37] 37.63 35.93) 36.27| 37.57| 35.57] 37.80| 39.33 
8..........| 34.07} 35.90} 36.73] 33.73] 35.90) 37.47| 33.73] 36.10] 37.30} 34.37) 36.27| 37.40} 34.93] 37.10) 38.80 
9..........| 33.83] 35.07) 35.97) 33.80) 35.33) 36.93) 33:17) 35.47] 36.87| 33.53) 35.47] 36.90} 34.43] 36.50] 38.33 
10) ances 2e 35.67] 35.47] 35.93| 36.57) 35.87! 36.70| 33.90] 35.10) 36.37 34.30) 34.97) 36.30) 34.00) 35.93) 37.87 
1 a ee | 39.40} 38.17) 37.80} 40.67! 38.73) 37.90) 37.27) 36.47) 36.57) 38.00) 36.80) 36.70) 34.43) 35.63) 37.33 
iS eee | 42.80) 40.17) 39.43] 43.90) 40.67) 39.63| 40.47] 38.73] 38.00) 40.50) 38.97| 38.57) 37.53! 36.63] 37.43 
1 ee ee oe | 47.43] 43.30] 41.83] 48.20] 43.40) 41.20) 45.07] 41.00) 39.23] 44.60) 41.17] 39.83] 40.30] 37.50] 37.87 
19); Move oe 50.27| 46.70) 44.97) 50.47) 46.37, 43.63) 48.63) 44.53) 41.17) 47.97) 44.47) 42.10) 43.83) 39.37| 38.73 
16..........| 50.69] 47.47) 45.93] 50.67] 47.07| 44.67! 49.40] 45.77| 42.83) 48.77| 45.70} 43.70) 45.60} 41.20] 40.10 
Viner Pel 54.13] 49.43] 47.37) 54.53 48.97) 45.83) 52.03) 47.27) 43.97) 51.23) 46.80] 44.80} 47.77| 42.87] 41.40 
1S). See | 59.47| 53.43] 50.47] 59.77 52.83, 48.30) 56.93] 50.17) 45.57) 56.03) 50.00) 46.70! 51.73] 44.80) 42.77 
2ORR ne Ee | 44.87] 47.27| 48.17) 43.83] 46.43) 47.60) 46.69) 49.40) 48.00) 46.53) 48.57) 48.67| 48.70) 48.27) 46.30 
Digna Sra ahrs 47.50) 45.73) 45.57) 48.13] 45.57) 45.43] 46.57| 46.13] 46.03) 46.27) 45.57] 46.13] 46.90! 47.00] 46.57 
Dae Mio thee | 53.20) 49.90) 48.33) 53.67) 49.80) 47.47) 51.60) 48.17) 45.87| 51.20) 47.90} 46.40! 49.83) 46.83] 46.30 
Zones mon | 52.33] 50.30} 49.17) 52.37 49.87) 48.27) 51.27| 49.27) 46.97| 50.43; 48.80) 47.47) 50.07] 47.47) 46.40 
DA a Sek Pe 51.87| 50.30} 49.50) 51.73 49.90) 48.50) 51.13} 49.69) 47.37! 50.43! 49.03) 47.83] 50.20) 47.73) 46.77 
PAR ee pee 55.83} 52.20) 50.57) 56.83] 52.27) 49.33) 54.37) 50.43] 47.73) 54.27) 50.27) 48.27) 52.40! 48.10] 47.00 
Ny (eae 59.33] 54.90] 52.87) 60.97) 55.43) 51.87) 57.03] 52.70) 49.37) 56.90) 52.47) 50.40) 55.07) 50.53] 48.67 
Zon se cis 62.37) 58.10} 55.63) 63.90) 58.69) 54.20) 60.87) 55.77! 51.23) 60.63) 55.53] 52.30) 59.00) 52.43] 49.80 
Pe aie See! | 58.50) 57.63) 56.43] 58.80) 57.78) 55.17) 59.17) 56.97) 52.67) 59.00) 56.90) 53.87) 59.93) 54.40) 51.47 
BO Aee aie | 52.57| 52.53] 52.67] 53.57 52.67) 52.47} 53.03] 53.70! 52.30) 52.33) 53.03] 52.87) 54.93) 54.50] 52.60 
= ee a rs ee ee ae eS ee ee a 
Average 46.80) 45.35) 44.73) 47.16 45.34. 44.34) 45.84) 44.64) 43.23) 45.74) 44.44) 43.74) 44.79) 43.18) 42.82 


EXPERIMENT STATION BULLETINS. 711 


TABLE 18.——AVERAGE TEMPERATURE OF PIEERENT TYPES OF SOIL, COVERED WITH SAND. 


| 
| Gravel. Sand. Loam. Clay. Peat. 
Date. | 
6” 12° 18” 6” 12” 18” 6” 12’ 18” 6” 12” 18” 6” | 12’ 18” 


oc ee ee ..| 51.10) 50.73) 50.93) 51.17) 50.73) 51.17) 51.00) 51.73) 51.03) 50.53) 50.80) 51.17) 52.13) 53.10) 52.37 
pee. arsenate 53.60) 50.67) 50.47} 54.07) 50.83) 50.23) 52.43) 50.83] 49.97) 52.53) 50.03) 50.23) 52.43/ 51.80) 51.53 
oe SEDeC EEE 58.70) 55.50) 54.00) 59.17) 55.47) 52.97, 57.67) 54.23] 51.17) 58.00) 53.83) 52.37) 57.23) 53.07) 51.33 
“nohopsose 58.60) 56.57) 55.23) 59.57) 56.30) 54.03, 58.33) 55.67] 52.30) 58.60) 54.97| 53.57) 58.27) 54.07) 52.10 
Sap gOCHoe 57.10) 55.60) 54.67) 57.47) 55.33) 53.77 57.07) 55.23) 52.70) 57.37) 54.37) 53.80) 57.33] 54. 


del ator 53.57) 53.43) 53.43) 53.57) 53.30) 53.07 53.70) 54.10) 52.57) 54.30) 53.30) 53.50) 55.30) 54.63) 53.30 
smo anansn 52.70} 52.50) 52.43) 52.47) 52.23) 52.17 52.87) 53.00) 51.80} 53.30) 52.17) 52.70) 54.13] 53.93) 53.20 
SRO RDC Ae De 55.33] 52.47) 51.73} 56.30) 52.43) 51.40, 53.83} 52.03) 51.00} 54.50) 51.70) 51.73) 53.93] 53.20) 52.77 
cA SOS OEE 53.20) 55.50) 55.80) 55.37) 55.10) 55.17, 53.40} 56.40) 53.63) 54.73) 56.43| 55.03) 57.43] 55.30) 53.17 
pltata balale oes 46.63) 48.63] 50.10} 45.80) 48.13) 50.57 47.00) 50.57) 51.87| 46.83) 49.70) 51.70) 48.37) 53.03) 54.03 


WO Oe AP 48.93] 48.37) 48.70] 49.17| 48.23) 49.07, 48.17) 48.77) 49.57) 48.37| 48.33) 49.40) 47.97] 50.50) 52.23 
Pert Stes. oe 50.50) 49.37) 49.30) 51.27) 49.57) 49.43) 49.40) 49.10) 48.93) 49.90) 49.00) 49.30) 49.30} 49.87) 50.90 
Bo SO AoE 52.03| 50.37) 49.97] 53.30) 50.53) 50.07) 50.87) 49.70) 49.13] 51.63) 49.93) 49.73) 50.60) 49.87! 50.30 
abt veh eiss 55.57| 52.23) 51.27) 57.00) 52.43) 51.07 53.67) 51.00) 49.60] 54.67) 51.53) 50.60) 52.37) 50.43) 50.17 
ities Dae sles 60.90) 56.77) 55.07) 58.27) 56.63) 53.90) 59.33) 54.93) 51.87 59.70) 55.47) 53.23) 57.20) 52.67) 51.20 


Seu aoe 63.70| 59.30] 57.27| 64.47) 59.03| 55.70, 62.33| 57.40] 53.40] 62.57| 57.73) 54.93| 60.23] 54.43| 52.30 
Bon etna 65.93] 61.50; 59.33) 66.20) 61.23) 57.60! 64.70) 59.73) 55.10] 64.73) 59.87| 56.83) 63.30) 56.63, 
jOanGacone 67.13] 62.87] 60.93) 66.97) 62.33) 58.93 66.03) 61.50] 56.80) 65.93) 61.43) 58.40) 65.17) 58.77) 55.43 
Barc ance 67.47] 64.10) 62.20) 67.83| 63.63) 60.37) 66.80) 62.87) 58.10) 67.07) 62.93) 59.80} 66.73) 60.70) 57.07 
eRe ce bse 64.20) 61.67) 60.77) 64.33) 61.20) 59.43) 63.77| 61.77) 58.53) 64.00) 61.60) 60.00) 64.53) 61.63) 58.50 


Bente Sice eae 66.77| 61.37) 59.47| 68.10) 61.53) 58.33, 64.97| 59.97) 57.40} 65.07) 60.03) 58.33) 63.97] 60.50) 58.93 


on 
rs 
> 
Set 
on 
Si 
8 


iA) 
w 
a> 
w 


Ais Ree oer 72.10! 66.43] 63.73) 73.27) 65.97) 62.03 70.63) 63.97] 58.77| 70.77) 64.33) 60.73) 69.40) 62.07) 59.20 


Shae ane 71.07| 67.90| 65.97| 71.07| 67.73| 64.37, 70.77| 67.07| 61.90] 70.87| 66.97| 63.37| 70.93| 64.43| 60.43 


Qe cles. 3155 68.57) 66.67! 65.10) 69.53) 66.30| 63.73) 68.60) 66.13) 62.27| 68.67) 66.10) 63.60) 69.43) 65.43) 62.13 


ier teed 71.07) 66.53) 64.73) 71.57) 66.83) 63.60) 70.33 65.53| 62.00] 70.60| 65.77| 63.40] 69.77| 65.43, 62.77 
Oey ac Sie ee 70.10) 67.27| 65.83) 70.33} 66.93| 64.37) 70.03) 66.90) 62.93) 70.27) 66.67) 64.43) 70.70) 66.60| 63.43 


Average...| 59.87) 57.47) 56.48) 60.28) 57.31 55.64, 59.14) 56.93) 54.40) 59.44) 56.73) 55.46) 59.16] 56.41 54.82 


712 STATE BOARD OF AGRICULTURE. 


TABLE 19.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 


JUNE, 1914. 
Gravel. Sand. Loam. Clay. Peat. 
Date. | 

| 6” 1275/9187 6” Ud A ey 6” 12%" | “18% 6" 127) ||) 18%. 6” 12%. 9) TB? 

dh Serena | 72.13) 68.10] 66.27) 72.63) 67.63) 64.93) 71.37 67.03| 63.23] 71.43] 67.17| 64.80] 70.93] 66.73] 64.13 
Do LE 70.20) 67.07) 65.97| 69.97) 66,57| 64.70) 72.67| 66.87) 63.73) 69.03) 66.63) 65.07) 69.80] 67.03) 64.50 
Bier. wrestle Maeve 68.53) 66.93) 66.07) 68.17| 66.43] 64.87] 68.50) 66.93) 63.73) 68.10) 66.43) 65.00) 69.60) 67.07) 64.63 
Bt oe eee | 65.83) 65.60! 65.20) 65.20) 65.17| 64.23] 66.70) 66.37| 63.70) 66.57) 65.93) 64.77| 68.33] 66.73) 64:77 
Bia | 62.83) 62.23] 62.33) 63.10) 62.03) 62.03) 63.13) 63.48) 62.50 63.13) 62.97) 63.20) 64.97) 65.60) 64.67 
Datichice tee | 64.93) 62.00) 61.57) 65.93] 62.40) 61.50) 63.73) 62.23) 61.23) 64.20] 62.20) 61.93) 64.47) 64.30) 63.80 
Byate scatters | 78.60) 71.97) 69.03) 79.30] 72.23) 67.00} 76.70) 68.80) 63.47] 76.60) 69.23) 65.37] 75.27) 66.50) 63.50 
Qiidie ee: te | 80.73) 74.93] 72.10] 80.87] 74.37) 69.60) 79.33) 72.17) 65.97) 78.98] 72.20) 68.13] 78.90) 69.70) 65.13 
AO Se ease 81.90} 76.50) 73.93} 81.47| 75.00] 70.97| 80.93] 74.23) 67.97) 80.47) 73.77) 70.07| 81.03) 72.27) 67.20 
1 WIR eR ens | 77.60) 74.77) 73.47| 76.63) 72.77) 70.90| 77.33] 74.30] 69.33] 76.80) 73.00) 71.00) 79.03} 74.00) 69.03 
1 PAR oe a 75.83) 73.00| 72.00) 74.80) 71.70) 69.93) 75.50) 72.97) 68.93] 75.10) 71.53) 70.83) 77.70] 78.80) 69.93 
DSS rane 75.50| 72.70) 71.50) 74.27) 70.93) 69.57) 75.17! 72.50) 69.03) 74.67| 71.00} 69.93] 77.23] 73.63] 70.10 
1D Se ER 74.10) 71.50) 70.50) 72.93] 70.77) 68.97) 73.80] 71.37) 68.18) 73.47) 70.13) 69.27) 75.80 72.70) 69.93 
163 Sie 70.43) 68.70| 68.53| 68.90] 67.83) 67.50) 70.00] 69.50) 67.50] 69.63] 68.00| 68.50) 72.77) 71.83) 69.67 
iY eee | 72.23) 69.07| 68.37| 70.50) 68.13} 67.10] 71.13] 68.90) 66.67| 70.70) 67.47) 67.53] 72.73] 70.80| 68.97 
So Soro oe 73.77| 70.50) 69.37| 72.00) 69.50] 67.77) 72.60! 69.63) 66.70) 72.10) 68.37| 67.73) 73.93] 70.80) 68.57 
i ae ne eAOe 68.40} 69.37| 69.37| 67.40] 68.63] 68.30) 69.37| 70.10) 67.27| 68.90] 68.87| 68.43] 72.67] 71.17) 68.67 
PA yee oaoe 65.40) 64.27) 64.73) 64.43) 63.57) 64.43] 64.83] 65.73) 65.57| 64.80) 64.40) 66.00] 67.17) 69.07) 68.23 
Ot aaaseretie 68.87| 66.10] 65.30) 68.70] 65.83] 64.90] 68.10] 65.70| 64.10) 68.27) 64.97) 64.90] 67.90) 66.90) 66.43 
Dai sie. SS A See | 76.30) 70.50) 68.37) 76.77| 69.57] 67.20] 73.80) 68.30) 64.77) 74.10) 68.33) 66.10) 72.43] 67.17| 66.18 
YU Roe | 76.90) 72.47| 70.47| 78.23) 72.93| 69.43) 75.73) 70.53) 66.33) 75.97| 71.07) 68.03) 74.77) 69.43 66.83 
OD Sats este 78.27) 74.23| 72.17| 79.27) 74.43] 70.63] 77.83] 72.47) 67.83] 77.80| 72.60| 69.67) 76.67] 71.07] 68.00 
26..0ee. ene 70.87) 73.50| 72.70) 71.27] 73.03) 71.27| 74.83] 73.43) 69.27) 74.57] 73.33) 70.83] 75.93] 72.77| 69.27 
Dlineetelaavnabie 65.87| 69.13} 69.23) 67.60) 68.47) 68.43) 70.00] 70.47) 68.80) 69.93] 70.00} 69.70] 71.10) 72.07| 70.10 
OA Sretin 61.50) 63.37| 64.20) 61.40) 63.27) 64.50] 63.57| 65.37| 65.50| 63.60] 64.73] 65.87| 65.77| 68.70) 68.80 
OO) see ayetetateye 66.60) 64.97) 64.23) 68.80] 65.47| 64.37] 67.17] 64.70) 63.97| 67.40) 64.50) 64.53) 67.50) 67.03) 67.13 
Average.... 71.71) 69.36] 68.35) 71.56) 68.79] 67.12| 71.69| 69.00) 65.97) 71.40) 68.42) 67.18) 72.48) 69.57) 67.24 


EXPERIMENT STATION 


BULLETINS. 


713 


TABLE 20.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND, 


LY, 1914. 


Gravel. 
Date. 


65.97 
64.40 
65.17 
67.67 
71.37 


72.67 
73.43 
73.73 
75.27 
76.60 


76.17 
73.50 
71.40 
72.53 
75.33 


74.33 
71.07 
73.27 
75.03 


76.30 
74.83 
75.13 
76.67 


73.30 
71.30 
71.63 
72.67 


sete ee esee 


Average...| 75.92} 74.08) 72.62 


6” 


65.43 
66.17 
70.97 
68.27 
78.03 


77.67 
78.40 
78.37 
80.30 
81.63 


76.93 
71.87 
73.03 
79.87 
81.73 


73.60 
75.27 
77.30 
79.40 


77.23 
75.63 
78.23 
75.47 


72.33 
73.23 
72.37 
72.70 


Sand. 


74.13 
74.70 
74.87 
76.30 
77.83 


76.27 
72.93 
71.50 
74.50 
77.60 


74.13 
72.00 
74.30 
73.33 


76.83 
75.50 
76.00 
76.60 


72.53 
70.87 
71.63 
72.87 


18” 


65.77 
64.23 
64.83 
66.83 
69.90 


71.00 
71.63 
71.93 
72.97 
74.43 


74.73 
72.73 
70.83 
71.70 
74.37 


73.70 
70.50 
72.20 
73.60 


74.73 
73.73 
73.77 
75.17 


72.40 
70.93 
71.03 
71.80 


75.24) 73.30) 71.53 


Loam. 


73.27) 70.15 


Clay. 


18” 


66.13 
65.97 
69.20 
71.27 
75.93 


76.67 
77.57 
77.60 
80.23 
81.27 


78.43 
74.13 
73.47 
77.27 
79.83 


74.23 
73.93 
76.27 
78.90 


78.47 
75.97 
78.80 
77.53 


74.43 
73.03 
72.77 
74.00 


65.53 
64.70 
64.80 
66.23 
68.90 


70.17 
71.03 
71.53 
72.33 
73.63 


74.63 
73.33 
71.50 
71.23 
73.00 


73.53 
70.30 
71.20 
72.43 


73.90 
73.70 
73.53 
74.90 


73.50 
71.90 
71.27 
71.40 


75.31} 72.27) 71.26 


Peat. 


68.13 
66.60 
68.90 
71.57 
76.80 


78.17 
79.03 
79.47 
80.90 
82.83 


80.83 
77.10 
75.23 
77.40 
80.80 


77.80 
75.20 
77.57 
80.40 


80.70 
78.97 
80.03 
80.43 


76.70 
74.80 
74.90 
75.93 


67.37 
66.40 
66.27 
67.57 
70.63 


72.47 
73.80 
74.63 
75.57 
76.93 


78.03 
76.97 
75.00 
74.30 
76.03 


76.53 
73.40 
74.09 
75.33 


76.80 
76.60 
76.43 
78.00 


76.70 
75.27 
74.40 
74.17 


66.40 
66.07 
65.60 
65.80 
67.43 


68.83 
70.07 
71.10 
71.83 
72.90 


74,57 
74.77 
73.87 
72.87 
72.90 


73.63 
72.27 
71.87 
72.43 


73.40 
74.00 
74.00 
74.90 


75.00 
74.23 
73.33 
72.83 


76.93) 74.06! 71.74 
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TABLE 21.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 


AUGUST, 


1914. 


Date. 


Average... 


Gravel. 


73.39} 71.99 


71.77| 72.69 


Sand. 


72.33 
72.73 
72.30 
72.47 
73.00 


73.50 
74.43 
74.90 
72.37 
70.73 


71.07 
69.23 
68.33 
69.60 
70.70 


71.93 
72.27 
72.23 
72.17 
72.27 


68.87 
68.63 
69.20 
69.30 
67.30 
66.43 


76.93 
77.07 
75.43 
76.00 
76.60 


78.97 
79.73 
77.83 
73.53 
72.33 


72.00 
69.27 
69.27 
71.47 
74.50 


75.60 
75.53 
75.33 
75.37 
72.43 


68.17 
68.90 
71.47 
68.90 
66.23 
68.20 


71.09} 73.35 


Loam. 


Clay. 


Peat. 


74.30 
75.13 
75.30 
75.20 
75.33 


75.50) 
76.47 
77.40 
76.00 
74.70 


73.87 
72.33 
70.90 
70.20 
70.93 


72.20 
73.03 
73.43 
73.77 
74.23 


72.30 
71.03 
70.53 
70.77 
69.77 
67.33 


79.07 
79.87 
78.73 
75.63 
73.37 


73.40 
70.63 
69.27 
71.53 
74.10 


75.57 
75.60 
75.50 
74.97 
74.00 


69.23 
69.90 
71.70 
70.77 
67.67 
67.50 


72.30 
71.13 
70.33 
70.13 
69.83 
68.07 


74.02) 73.15] 72.14 


—— 


EXPERIMENT STATION BULLETINS. 
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TABLE 22.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 
SEPTEMBER, 1914. 


Date. 


Average... 


Gravel. 


Sand. 


Loam. 


ue 


Clay. 


63.89 


63.30 


64.01 


63.79 


64.05 


63.47 


63.62) 63.55 


64.04) 64.35 


Peat. 


64.84 


STATE BOARD OF AGRICULTURE. 


TABLE 23.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 
OCTOBER, 1914. 


_ Gravel. Sand. 
Date. 
6” | 127 | 187 | 6 | 12° 
jae 60.87, 60.46] 61.00) 60.10] 60.10 
ao ine Se 60.27 60.03) 60.60) 59.73) 59.57 
: ‘80 59.73] 60.30) 59.30| 59.40 
: 62.77| 62.13| 64.60) 62.57 
64.37) 63.60 66.20) 64.03 
.27| 64.47| 64.03] 65.97] 64.10 
-77| 65.10| 64.87| 64.93] 64.80 
:97| 64.90] 64.43) 65.83] 64.67 
5.10) 64.97| 64.97] 64.60) 64.73 
18. Gh.4%. 5. 55.93] 58.03] 59.63| 54.20] 57.37 
16y 8 a. 53.43| 56.23| 57.90 51.57] 55.93 
TE i SEO 51.17| 53.33| 55.03) 49.80] 53.13 
tht cb ee 55.53| 54.87| 55.33| 54.83] 54.97 
i iene ae 57.27| 57.63| 57.20) 56.23] 57.20 
iY fe ee 56.13| 56.57| 57.17| 55.40| 56.43 
TO AB Th A | 54.83] 55.33] 56.13) 54.70| 55.13 
Daas fe. | 56.10| 55.67| 56.17| 56.03] 55.87 
OR Gert te | 57.33| 56.80| 57.07| 57.27| 57.13 
De ee at | 57.58) 57.10] 57.43) 57.13] 57.33 
Bete 1S. 55.97| 56.30| 57.13) 55.73] 56.40 
2 | 53.00) 54.93] 56.50, 52.40| 55.37 
eae ek 48.23] 49.47| 51.27) 48.23] 48.77 
oi ea 41.27| 43.00| 48.07| 44.67! 46.77 
7s ee 43.10) 45.40) 47.20] 42.17| 45.03 
DD eee 45.13] 46.90| 48.23| 43.70] 47.47 
BOs etek 44.93| 45.87| 47.40) 44.13] 45.53 
oi een 45.57| 46.13] 47.40] 45.60] 46.33 
| | 
Average... 55.66, 56.16| £6.97 55.54) 56.15, 
i 


> 
— 
ro) 

es 


> 
wor 
te 
Si 


57.£7| 
| 


6” 


£5.56 


Loam. 


ee 


60.67 
60.10 
59.83 
| 61.50 
63.03 


63. 67 
64.53 
64.47 
65.00; 
60.30 


58.70 
55.33 
55.13 
56. 67 
56.83 


55.97 
55.93 
56.77 
57.238 
56.90 
56.17 


51.37 
48 .47| 
46.83 
47.30 
46.03 
46.43 


£6.71, 57.45. 


Clay. 


55. a 56.4E 


57.51) 56. | 


£7.87 


£9.03 


EXPERIMENT STATION 


BULLETINS. 
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TABLE 24—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 
NOVEMBER, 1914. 


Date. 


Gravel. 


39.26) 40.97 


Sand. 


12’ 


42.14) 38.22) 41.50) 43.46 


6” 


48.07 
48.83 
48.17 


43.80 


45.80 
40.03 
40.43 
40.37 
39.60 


41.80 
39.90 
39.17 
36.53 
34.60 


34.37 
34.07 
33.93 
33.60 
33.37 


33.33 
35. 67 
38.40 
35.30 
43.03 


39.49 


45.10! 


Loam. 


2 | 18° 


49.73 
49.77 
50.13 
49.63 
47.30 


47.67 
46.77 
45.33 
44.90 
44.63 


44.20 
44.27 
44.70 
43.77 
42.37 


| 41.13 
40.47 
39.80 
39.27 
38.67 


38.27 
38.07 
39.33 
40.07 
39.93 


41.87| 43.61 


Clay. Peat. 


39.93 43.65) 39.84) 42.92) 45.55 


718 STATE BOARD OF AGRICULTURE. 


BEGINNING WITH FOURTH YEAR. 


TABLE 25.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
DECEMBER, 1914. 


| Gravel. Sand. Loam. Clay. Peat. 
Date. | 
2” 4’ 6” ah 4’ 6” Ya} 4’ 6” on 4” 6” | apl 4’ 6” 
ee 4 eceew Bee 
va seal eae Ra Bers 
eee | 46.00} 42.97} 46.50) 45.47] 49.43] 46.57] 45.90) 46.17) 45.30) 46.27| 46.17) 46.17) 45.73] 45.40) 45.40 


Semen gears 38.73} 39.80) 40.87) 37.57) 38.63) 40.27] 38.57) 40.57) 41.13) 39.23) 40.67] 41.73) 40.17| 41.67) 43.37 
37.43} 39.03) 37.23) 37.83) 36.13) 87.20) 38.33) 37.03) 38.57| 40.70 
37.57| 36.20) 37.00) 37.17) 37.03) 37.00] 37.60 36.80) 37.63) 39.30 
35.33] 33.67) 34.97) 35.47| 34.13) 34.93) 35.87, 34.90] 36.07) 37.70 


34.37] 32.53] 33.87] 34.27) 32.97] 33.70! 34.60| 33.60] 34.77] 36.73 
34.17) 32.40) 33.63] 34.03) 32.67| 33.40) 34.27, 33.40) 34.30) 36.07 
33.77} 32.40) 33.50) 33.80] 32.30) 33.07) 33.83) 33.10] 33.90] 35.53 
32.77] 32.10} 33.20) 33.53) 31.17) 32. 30) : - 
31.97] 31.53) 32.83) 33.13) 30.07) 31.53] 32.47| 32.30] 33.30) 34.77 


31.13} 31.37) 32.73) 33.13) 30.70) 31.90] 32.70 32.27) 33.00} 34.43 
28.30) 30.20) 32.13] 32.57) 28.33} 30.03] 31.67| 31.33) 32.67) 34.13 
27.60) 29.90) 31.77) 32.43) 28.17) 29.70) 31.13) 31.23) 32.43) 33.97 
27.10) 29.60) 31.43) 32.57) 28.13) 29.50) 30.83) 31.00) 32.33) 33.70 
27.37) 29.63) 31.10] 31.83] 28.63! 29.33) 30.47) 30.97) 32.10) 33.47 


31.27| 30.83) 31.57| 31.70| 30.60| 30.83| 31.23| 31.87] 32.00] 33.37 


— 
w 
o 
on 
a 
wo 
a 
o 
<i 
w 
_ 
p> 
wo 
ow 
or 
ou 
x 
oe 
ao 
ms 
o 


iS) 
bo 
to 
(ex) 
iN) 
3 
w 
So 
w 
bt 
bo 
“I 
w 
wo 
ao 
a 
ow 
or 
is} 
o 


21..........; 31.17] 31.70} 31.97) 29.37) 30.70) 31.23) 30.93) 31.77) 31.70) 31.00) 31.20] 31.63) 31.70) 32.00) 32.27 
Pde seus Sat ic | 31.17| 31.80] 32.07) 29.00 30.00} 30.83} 30.70) 31.70] 31.90; 31.00) 31.27| 31.90) 31.63] 32.10] 33.27 
23..........| 31.23] 31.83{ 32.17) 29.17] 30.23) 31.07) 30.67) 31.60] 31.90] 30.93) 31.37] 31.83) 31.53] 32.03) 33.17 
PEN erebD O0t | 31.33) 31.97) 32.23) 28.90) 30.53) 31.27! 30.47) 31.63) 31.80) 31.37) 31.37) 31.90 31.56) 32.03) 33.20 
icm od ousee | 30.50) 31.30] 31.90] 26.77] 28.60] 29.90] 30.33) 31.37] 31.63) 30.27) 30.97) 31.67) 30.87] 31.83] 33.10 
He sooAcn tire | 31.43} 31.97) 32.10) 29.40) 30.93) 31.43) 30.73) 31.50) 31.53) 31.10 31.30) 31.67) 31.50] 31.63) 32.67 
4c ang Bsoat 31.80} 32.20) 32.27) 30.67] 31.70) 32.00) 31.07) 31.67) 31.63) 31.47) 31.50) 31.87) 31.90) 31.73) 32.60 
OD eect 32.10} 32.37) 32.33) 31.53] 32.13) 32.33) 31.33) 31.97] 31.80) 31.80) 31.83) 32.07) 32.03) 31.87| 32.70 
BUS feist 31.93} 32.40) 32.43) 30.63} 31.60) 32.17) 31.27) 32.10) 31.93) 31.60) 31.93) 32.20) 31.77] 31.97) 32.80 


Average...) 32.28) 33.03) 33.73) 30.23) 31.81) 32.77] 32.54) 33.56) 33.83) 32.29) 32.96) 33.72 33.30) 34.04) 35.35 


EXPERIMENT STATION BULLETINS. 719 


TABLE 26—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
JANUARY, 1615. 


Gravel. | Sand. | Loam. Clay. Peat. 
Date. ! 
7 en! 4” 6” ! Ved 4’ 6” es! 4’ 6” Om 4’ 6” en! 4’ 6” 

= Pl ae IL a a ee SL ee eS ee 

Prntoesaae 32.13) 32.40 32.43. 31.43| 32.10] 32.33 31.37) 32.03] 31.90) 31.93] 31.93) 32.20) 31.90) 31.80) 32.70 
Aes eiela» 31.73) 32.30) 32.40 30.87) 31.53) 32.13) 30.97) 31.73) 31.73) 31.40) 31.57] 32.10) 31.30) 31.53) 32.50 
Dare. ntttatestene 32.00} 32.30) 32.33) 31.43) 32.00) 32.27] 31.13) 31.73) 31.60; 31.67] 31.33} 32.10] 31.57) 31.53) 32.37 
By see ay tee ater 32.13} 32.30) 32.37) 31.83) 32.13) 32.30) 31.33! 31.93) 31.63) 32.07) 31.67| 32.17| 32.00) 31.63] 32.37 
od itate o's Coelarde 32.27) 32.47| 32.43) 32.10) 32.33) 32.40) 31.80) 32.10] 31.83) 32.43] 32.30] 32.30] 32.33) 31.93) 32.37 
Bitte. cele: 32.33] 32.53) 32.63) 32.13] 32.37) 32.43 31.93) 32.20] 31.97| 32.50] 32.37) 32.30 32.30; 32.03) 32.47 
CRASOAB ARES 32.33) 32.60) 32.87) 31.83) 32.37) 32.57) 31.87| 32.27] 32.03) 32.53) 32.40) 32.33] 32.43) 32.03) 32.57 
1h Dee 32.20) 32.57) 32.80) 31.87) 32.27) 32.60) 31.50) 32.17) 32.00) 32.17) 32.27) 32.30] 32.30) 31.93] 32.43 
MER ace woe 32.30) 32.77) 33.03) 31.93} 32.40] 32.67] 31.73) 32.23) 32.03) 32.37) 32.30) 32.43] 32.30] 31.97] 32.57 
HS Mee ae phavakals 32.30| 32.80) 33.07) 31.97) 32.33) 32.77) 31.73) 32.20) 32.07) 32.30) 32.30 32.47) 32.30] 32.03) 32.53 
Sa ce licks 32.30) 32.73) 33.07) 31.73} 32.33] 32.83) 31.47] 32.20) 32.07) 32.20) 32.30) 32.53) 32.30] 31.87) 32.53 
M52 oN 32.30) 32.80, 33.17) 31.50) 32.37] 32.83) 31.57) 32.17) 32.07} 32.27) 32.27) 32.60) 32.30) 31.97| 32.53 
NOs ois utes 32.33| 32.87) 33.17) 31.00) 32.37] 32.93) 31.47) 32.17) 32.07) 32.20) 32.30) 32.60, 32.30) 31.97| 32.57 
1 ee 32.37| 32.87| 33.13) 32.13) 32.53] 32.83) 31.93] 32.30] 32.13] 32.47] 32.40) 32.67) 32.30] 32.03) 32.47 
TO ee. Sere he 32.40| 32.87) 33.17| 32.10} 32.53] 33.00) 31.90) 32.23) 32.13) 32.30) 32.40) 32.77| 32.30) 31.97] 32.47 
Cl pie eR OS 32.30] 32.85) 33.15) 32.10} 32.50) 32.95) 31.75] 32.35) 32.25) 32.20) 32.40) 32.85) 32.35) 32.00) 32.50 
Dh Oe toia Sete 32.30| 32.77) 33.17) 31.53) 32.27] 32.87) 31.57] 32.30] 32.27| 32.17] 32.30) 32.90) 32.37) 32.07) 32.63 
7 eee ee 32.17) 32.83} 33.20) 30.33} 31.37] 32.67] 31.40] 32.37] 32.37] 31.87] 32.37) 32.93] 32.43) 32.17| 32.80 
De ae cathe 32.07) 32.57| 33.00) 30.27} 30.90) 32.30) 31.33] 32.27) 32.30) 32.03] 32.27) 32.67| 32.33] 32.10] 32.73 
DOR acoso st 31.27, 31.97| 32.47, 29.17| 29.93) 31.07| 30.97) 32.07| 32.17) 31.47| 31.97) 32.50] 32.00) 32.07| 32.70 
Gr eS aon) pe | 30.97| 31.83] 32.37| 28.53] 29.83) 30.80) 30.73] 31.97| 32.13] 31.30) 31.77) 32.43] 31.87] 32.07] 32.73 
DSR ee ee 30.70) 31.40) 32.13) 27.70) 28.63) 30.07) 30.57) 31.87) 32.10) 31.13) 31.63) 32.40) 31.70) 31.97| 32.77 
2 PONS Sree 30.47) 31.13) 32.03) 27.43) 28.50) 29.97, 30.43) 31.70) 31.97] 30.93) 31.57) 32.43) 31.63) 32.00) 32.90 
DOP latices ee | 30.37, 30.97) 31.67, 27.23) 28.27) 29.60) 30.33) 31.47) 31.90) 30.73) 31.33) 32.30) 31.47) 31.87) 32.77 
SO yeaeee ess 29.07, 29.90) 30.87) 24.63) 25.83) 27.77) 29.53) 31.03) 31.67 30.17| 30.83) 32.17} 30.80] 31.57) 32.47 

| 
Average...| 31.81) 32.30) 32.65) 30.59 31.28) 31.96) 31.28) 32.05) 32.02) 31.87, 32.03) 32.46) 32.05) 31.93) 32.58 
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TABLE 27.—AVERAGE* TEMPERATURE OFfZDIFFERENT TYPES OF_SOIL, NOT COVERED WITH SAND, 
FEBRUARY, 1915. 


Gravel. Sand. Loam. Clay. Peat. 
Date. 
fae 4" 6” OF, 4” 6” vbd 4’ 6" cack "4 6” PF 4” 6” 
| | 
Li SSAA 32.10! 32.17] 32.20] 32.13) 32.33) 32.43] 31.27] 31.63) 31.50] 32.03] 31.77) 32.10] 32.17) 31.70) 32.43 
Dink otsite 32.30| 32.40) 32.40] 32.23) 32.40) 32.57] 31.57] 32.03) 31.63] 31.80} 32.00) 32.30} 32.30) 31.93) 32.47 
Sickie ees 32.03) 32.40) 32.40) 32.23) 32.47) 32.50] 31.30] 32.03) 31.70) 31.07) 31.40| 32.30] 32.33] 31.93) 32.47 
4 31.07| 31.73] 32.17] 32.20] 32.43) 32.50] 31.03} 31.80} 31.70] 30.80) 31.20) 32.00) 32.30) 31.87) 32.43 


32_37| 32.40] 31.27| 31.83] 31.53} 31.73] 31.63) 32.03] 32.20] 31.87] 32.37 


32.40) 32.47| 31.63) 32.07) 31.67| 32.30) 32.13] 32.27) 32.30) 31.90) 32.50 
32.47] 32.67] 31.53] 32.17) 31.83] 32.20) 32.20) 32.40) 32.30) 31.97) 32.50 
32:40} 32.70] 31.20] 32.07] 81.77] 31.77| 32.07) 32.37) 32.30) 31.93) 32.50 
32.43] 32.83] 30.73] 31.73] 31.80] 31.20] 31.73) 32.37) 32.80) 31.97) 32.43 
32.37] 32.67] 31.13] 31.70) 31.50) 31.90] 31.93) 32.23] 32.17) 31.77) 32.33 


32.35] 32.70] 31.45] 31.95) 31.55] 32.20] 82.10) 32.30) 32.25) 31.85) 32.35 
32.47] 32.77] 31.60] 32.03] 31.67| 32.80] 32.20) 32.37) 32.23) 31.80) 32.47 
32.50} 32.85] 31.80] 32.10] 31.75] 32.40] 32.35) 32.40) 32.30) 31.90) 32.40 
32.43] 32.83] 31.03] 32.10] 31.83! 31.63] 32.20) 32.53) 32.03) 31.90) 32.47 
31.03] 32.37] 29.60] 31.17] 31.70) 30.57] 31.40) 32.30) 30.40} 31.37] 32.37 


31.90} 32.47| 29.77] 31.07) 31.50) 30.87} 31.60) 32.27) 30.33] 31.13) 32.37 
31.80] 32.55] 29.45} 31.20! 31.45) 30.30] 31.35) 32.25) 29.40) 30.65) 32.35 
33.00] 33.03] 31.20) 31.77| 31.53} 31.67] 31.97) 32.30! 31.30) 31.431 32.30 
39.40] 38.50] 34.53] 32.13) 31.63] 35.57) 32.53) 32.33] 32.10) 31.53] 32.23 


36.40| 37.27) 34.13! 34.73] 34.27) 36.47] 37.13) 37.70] 32.40} 31.80) 32.33 
33.60] 34.30) 32.60) 33.43) 33.40) 33.60) 34.10) 34.80) 32.30) 31.93) 32.40 
32.27] 33.07) 32.33] 33.27) 33.13) 32.67] 33.27) 33.70] 32.27] 31.90) 32.37 
29.73} 31.53) 32.17} 32.93] 32.80] 31.70) 32.70] 33.17] 32.27) 31.87) 32.37 


Average...| 32.21) 32.74] 32.96] 32.19 32.73] 33.13] 31.49) 32.13) 31.95| 32.11] 32.31) 32.73) 31.93] 31.74) 32.40 


EXPERIMENT STATION 


BULLETINS. 


TABLE 28.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, 


Date. 


see ence eee 


Gravel. 


MARCH, 


1915. 


721 


NOT COVERED WITH SAND, 


Sand. 


34.33} 34.37| 34.28 


Loam. 


oo 
= 
—} 
=! 


2 ” 


29.33 
31.40 
| 28.97 
| 29.53 
30.57 


31.43 
31.70 
31.57 
32.33 
32.40 


32.70 
34.40 
37.60 
35.77 
33.47 


35.63 
38.00 
38.67 
35.60 
38.43 
38.57 


39.87 
37.87 
33.87 
31.60 
30.70 
32.17 


oo 
re) 
Oo 

oes 


33.47| 33.86 


91 


Clay. 


Peat. 
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TABLE 29.—AVERAGE 


STATE BOARD OF AGRICULTURE. 


TEMPERATURE OF DIFFERENT TYPES OF 


APRIL, 1915. 


SOIL, NOT COVERED WITH SAND, 


Gravel. Sand. Loam. Clay. 
Date. 
| | 
bao 4’ 6” ax 4" 6” 2" 4’ 6” 7k 4’ 6” 

—_ 
Lage dee ate 37.47] 36.77| 35.83) 38.13) 37.53| 36.70} 33.53, 32.53) 32.17] 34.20] 33.20) 33.10 
water ees 39.13) 38.63) 37.43) 39.27) 38.93) 38.30) 37.77 36.63] 34.80) 37.90 36.63) 35.63 
Bs Sats hte 39.50) 38.50) 37.47) 39.20) 38.50) 37.67] 37.83, 36.87) 35.57| 37.83| 36.67) 36.20 
Disvsiais. wale State 43.10) 42.17] 41.03) 43.40) 42.60) 41.50) 43.00 40.57) 38.77) 41.87) 40.43) 39.43 
GSien tence 50.67) 47.77] 45.10) 51.07] 48.83} 46.00} 48.30 44.57) 41.23) 47.27| 44.17) 42.10 
PS te 53.73) 51.03} 48.47] 53.60) 51.47; 49.07] 51.37) 47.83] 44.63] 50.37| 47.37) 45.40 
By sae neon 53.73} 50.97| 48.73) 52.67) 50.60) 48.57) 51.13, 48.07) 45.50) 49.87| 47.20) 45.90 
Die ankio et 51.50) 49.77} 48.60] 51.27) 49.90] 48.73] 49.90) 48.10) 46.33) 48.90) 47.50) 46.73 
10. sa2i5e spn 51.90) 51.30} 50.37] 52.07) 51.57] 50.80) 51.43) 50.20) 48.20] 53.17| 49.63) 49.07 
| MEGS 38.83} 39.57} 40.20] 38.43] 39.17] 39.87| 39.27) 40.43] 40.67} 40.03 40.03) 41.47 
1b eee a 47.93) 45.90} 43.97| 48.83] 46.90] 44.63 46.73, 44.00] 41.50) 45.57) 43.20) 41.80 
WA oc aes 53.60) 50.48] 47.83) 53.77} 51.50] 48.93} 50.47 47.13) 44.30) 50.37|) 47.13) 45.27 
Ts Sonseets 55.37| 53.47] 50.67] 55.57) 53.83] 51.77) 53.37) 50.27) 46.77| 52.57| 49.73) 47.87 
WG Baevsres. cee 51.00) 50.17} 49.60} 51.10} 50.80) 50.13} 50.13) 49.37) 47.60) 49. 90) 48.70) 48.43 
UU (ie See 57.70} 54.80} 51.30! 57.90) 55.60) 52.43) 55.97, 51.27) 47.03] 54.03) 50.27) 47.70 
A Ee a 65.00 61.87) 58.50) 64.97} 62.57) 59.53) 63.40) 58.57) 53.67| 61.73) 57.73) 54.70 
DO's es stax ate 64.77| 62.33) 59.83) 64.40] 62.63) 63.73] 57.43) 60.30] 56.13) 62.10) 59.10) 56.87 
: 55.63} 56.83] 56.20) 55.67) 57.13) 56.00) 53.73) 55.77! 54.47) 53.67 
56.67| 62.20} 60.03) 57.50} 60.53 57.00) 53.63) 59.20) 56.30) 54.27 
64.83| 66.27| 70.27) 66.43) 71.83, 65.67) 59.73) 69.53) 64.90) 60.87 
: 69.23] 76.23) 73.67| 70.33] 75.97) 70.17] 64.33] 73.33) 68.67] 65.30 
; 71.67| 76.20} 74.23) 71.83 76.87) 72.73| 67.87| 74.50) 70.57| 68.40 
: 70.80) 74.17] 52.60] 70.70] 75.33) 71.93] 67.77] 73.20| 69.13) 68.10 
: 70.33|) 73.47| 72.10) 70.30; 74.70, 71.73] 67.63) 72.43) 69.67) 68.00 
; ; 66.00} 66.63} 66.30) 66.03) 67. 67) 67.30] 64.97| 65.23) 64.60) 64.60 
SOBA eeneee 53.63) 55.23) 56.67! 54.23) 55.17| 56.60) 55.43 57.43) 57.87) 53.83) 55.27) 56.80 
Average seal 54.82) 52.95] 56.22) 54.36) 53.60 piece 52.95) 50.10) 54.41) 52.03) 50.69 


Peat. 


EXPERIMENT STATION BULLETINS. 
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TABLE 30.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 


MAY, 1915. 
Gravel. Sand. Loam. | Clay. Peat. 
Date. 
yah 4’ 6” OF 4” 6” Pie! 4” 6” a! 4’ 6” Pde! 4” 6” 
>) ==] | ol ee eee Sees ee Ga | es ee Ge es 
1155s IAS 58.53) 57.23) 55.93} 58.03 56.97| 56.03} 58.43) 56.97) 55.00) 56.73) 55.03) 54.60) 56.60) 54.93) 55.83 
Beis itch, 52.60) 53.93| 54.73| 52.73) 53.70) 54.83) 53.77) 55.33) 55.37) 53.13) 53.10) 54.87) 53.57! 54.83] 56.77 
CE nee ea 48.53) 49.80) 50.57) 46.27) 49.07) 50.07} 49.90) 51.17) 51.13) 49.73) 49.70) 51.17| 50.60] 51.50) 53.40 
Diatirvefeekins 53.33] 52.93) 52.30) 53.63] 53.27| 52.70) 53.33) 52.73) 51.00] 53.20) 51.53) 51.57] 53.83] 52.13) 52.13 
(he ete aah a 59.40) 57.80) 55.93] 60.80) 59.23) 57.37) 57.97) 55.57) 52.83] 58.17| 55.43] 54.17) 54.53) 54.40) 53.07 
Ups eae ree 55.63] 56.00) 56.00) 56.53) 56.53) 56.60) 56.13) 55.90| 54.33) 56.03) 55.77) 55.47) 56.70) 55.93) 55.30 
Giteee eon oe 52.30) 53.07) 53.17) 52.83) 53.33) 53.63} 52.70] 52.97) 51.87) 52.93) 52.17} 52.77) 53.70) 53.13) 53.47 
i ee neaers 60.43] 57.67) 54.90) 61.67) 59.37) 56.67) 56.90) 53.97) 50.80) 57.10) 53.90) 52.07) 53.77) 52.43) 50.83 
eects 66.70) 63.63) 60.50) 67.07) 64.77) 61.77| 64.07) 59.57) 55.27| 62.93) 58.40| 56.50) 60.73) 56.07) 53.77 
1 PAE era 70.43| 67.63) 64.53) 70.53) 68.40) 65.73| 68.17) 64.20) 59.87) 67.07] 63.17| 60.67) 64.27) 59.80} 57.00 
Rowe ceca 67.13] 65.17) 63.30) 66.73} 65.20] 63.80) 65.10, 63.43) 60.47) 64.70) 62.10) 60.93) 63.50) 60.20) 58.67 
Ds ates a 69.23) 67.17) 64.37| 68.43] 66.70) 64.63] 66.77| 63.87| 60.87) 69.37| 62.60) 61.00) 63.30) 60.20) 58.57 
My hyseten eacters 62.53} 61.60) 60.67) 61.60} 61.23) 60.30] 60.77) 60.60) 58.90) 60.07) 58.57) 58.50) 58.23) 57.07) 57.70 
2 fetes Aer ere 49.67) 50.23) 50.57) 50.20) 50.33) 50.57] 49.43} 51.07) 50.77| 50.47| 50.27) 51.00) 50.73] 50.87) 52.47 
5 sae a SC 48.03} 47.90| 48.13] 47.73) 47.67| 47.63) 47.30) 48.10) 47.77| 48.30) 47.43) 48.20) 48.23] 47.77) 49.57 
aa 57.67| 55.17) 52.80) 58.53] 56.33] 54.10] 54.00) 52.00} 49.40) 54.73) 50.90 50.30) 54.20) 50.40) 49.30 
OS cr aVe at ayste 48.90) 49.53) 50.00] 48.77| 49.27; 49.90] 47.77) 49.67| 49.23) 48.87| 48.23) 49.63) 49.00} 49.20) 50.60 
2 eee eeee 61.10} 59.40) 57.17] 62.77| 61.17| 58.97] 58.87] 56.37| 52.90) 59.60) 56.10) 54.43) 59.70) 54.67) 52.03 
VPA Shee Ae, 56.93] 56.13] 58.80) 57.67; 56.77| 56.10] 55.43) 54.50) 52.97) 55.27] 53.03] 53.93) 55.47) 53.97) 53.70 
7 era a paras 62.97| 64.70! 62.70) 67.30] 65.67) 53.87| 54.93) 62.13) 58.83) 63.80) 61.03) 59.57) 63.47) 63.07) 57.37 
De. se hioe soe 62.70) 62 17) 61.40] 62.97] 62.47} 61.90] 62.13) 61.13) 58.97) 61.53} 60.10} 59.60) 61.63) 59.63) 58.50 
DOr tig 57.77| 57.93) 57.93] 58.43] 58.53] 58.37] 57.47| 57.67) 56.70} 57.33) 56.87| 57.27) 58.20) 57.57) 57.97 
Dire cereale ois 57.60} 56.27) 55.00) 57.10; 56.10) 55.00] 55.57| 54.23) 52.23) 55.13] 53.27) 52.60) 55.63) 52.93) 53.53 
DB eia-e.clals sie 56.03) 56.20) 54.97) 52.40] 55.17) 55.03) 54.83! 54.17) 52.70) 54.47) 53.10) 53.17| 54.40) 53.10) 53.67 
PA ae ene 55.37| 55.40) 55.17) 55.87] 55.57) 55.33] 55.13] 54.87| 53.40) 55.17) 54.27) 54.10) 55.87) 54.23) 54.27 
tt Cee ae 70.40) 67.23) 63.97| 70.47| 68.07| 65.17| 64.17; 63.27| 59.10] 66.13] 61.90) 59.60) 63.90] 59.27) 56.90 
ae pas ne Lat ST mee EE 
Average...| £9.54) 57.77) 56.76) 58.74) 58.11) 56.78] 56.96) 56.37| 54.34) 57.39) 55.31) 54.92) 56.69 54.97| 54.48 
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TABLE 31.—AVERAGE TEMPERATURE OF pg es TYPES OF SOIL, NOT COVERED WITH SAND, 

Gravel. Sand. Loam. Clay. 
Date. 
! ! 1 
on 4" 6” on 4’ 6” id 4” 6” on 4’ 6” Yao 
| | re-|e el ames ae 

USE cheers oc 70.63) 68.70 66.23] 70.70 69.13) 67.03) 68.87| 65.83 62.00] 67.40] 64.03} 62.23] 62.00 
De igh teva 61.10) 61.83 62.20 61.00; 61.53) 62.10) 61.30) 62.10) 61.03] 60.70) 60.43) 61.07! 61.13 
Shick oie cetcy 59.40) 59.47) 59.33) 59.30, 59.30) 59.30] 58.67) 59.43) 58.17] 59.63] 58.53} 58.77] 60.03 
AS Wiaaeeee 73.50} 70.30) 66.70} 74.23] 71.63) 68.47) 70.47) 66.47) 61.97] 70.10) 65.20) 63.03) 69.07 
Up Aarons 75.07) 72.37) 69.43] 75.00) 72.90) 70.50) 73.27) 69.30) 64.97] 71.97| 67.97) 65.30] 69.10 
Cl POO eS 70.07| 71.83 71.27] 71.93] 71.80] 71.63] 72.50| 71.63) 69.47| 71.77| 70.67| 69.90| 71.23 
Sieh ondeiae 64.27) 64.23 63.43) 66.13) 64.90) 64.03) 64.27) 64.03) 62.43] 64.63] 63.23! 63.17) 65.73 
ea etal Meee 61.17, 61.07) 61.77} 61.23) 61.17) 61.13} 61.43) 60.47} 61.10) 60.33] 60.90) 62.43 
LORRE Areca hese 57.63) 57.77| 57.23) 57.07| 57.30] 57.10) 57.97| 57.27) 57.27) 56.87) 57.50) 57.23 
1 At oars obese. 66.90; 64.00) 71.27} 68.70) 65.87| 67.87) 64.27) 60.53] 67.70] 63.87] 61.60} 68.30 
Pe pcre ee ce 70.37, 67.63} 73.33] 71.33) 68.93) 71.17| 67.80) 63.67] 70.33] 66.70) 64.40) 69.57 
TAN AR 66.17) 65.43) 64.67) 66.60} 65.50) 64.97| 64.90} 64.40) 62.80] 65.13] 63.90] 63.70] 65.30 
1 (ai Rs 67.33) 66.37 64.83] 69.03] 67.50) 65.63) 66.40) 64.87) 62.50] 67.03) 64.17| 63.47] 67.50 
16s ee 62.70} 63.70 64.17} 63.10] 63.70) 64.53] 62.67] 63.97) 62.43] 63.87] 63.60) 63.60) 63.77 
ATG. PR ore 71.00 cl 67.00) 75.13) 72.77) 69.77| 69.27| 66.93) 63.63] 67.00) 66.10] 64.97) 70.53 
ee erie 66.90! 65.97) 64.77) 68.07] 66.87) 66.13} 64.80} 64.13) 62.37] 65.57| 63.37) 63.37] 65.27 
19S Fae Se 65.97) 65.73, 65.13] 68.87) 67.77) 66.70) 65.30) 65.20) 63.43] 65.83] 64.43) 63.97) 67.20 
7A RA Ce 68.13) 67.30, 66.37) 72.63] 68.30) 67.63) 66.57) 65.97) 63.83] 67.23| 65.70) 64.90) 67.20 
Die eee, 70.63) 69.43) 67.77) 72.60] 71.13) 69.40] 69.43) 67.63) 64.57] 69.57| 67.00] 65.60} 67.87 
Pn TREE 71.73) 69.83) 67.63) 72.63) 70.67) 68.63) 70.80) 67.77| 64.33] 69.60] 66.63) 64.77) 69.50 
DANONE. oests 66.47| 65.47, 64.73| 66.67| 65.57| 64.87| 65.43] 64.80) 63.27| 65.03] 63.23] 63.47| 64.33 
Donan Sate ete 75.13] 72.23) 69.10) 75.30] 72.83) 69.87) 72.93) 69.10) 64.90 72.43} 68.03] 65.47| 72.60 
DBA eee. ae 79.50) 76.47, 73.20) 78.40) 76.10) 73.60| 76.73] 73.03) 68.37} 76.07) 71.97) 68.93) 75.47 
4 a 81.50) 78.70, 75.90} 79.43) 77.47) 75.47) 78.90) 75.87) 71.87] 78.20) 74.67) 72.37) 76.23 
OO Settee 70.10} 69.60) 69.50} 69.93] 69.50) 69.40) 68.33) 69.77| 68.80] 69.43) 68.73) 68.87] 69.37 
SOP eects 77.77) 75.30) 72.83) 79.17] 77.00) 74.53) 75.17) 73.20) 69.30] 76.00) 72.67| 70.33] 77.60 
Average... |c69.78) 67.92 66.79) 69.98) 68.55) 67.22) 67.86) 66.42) 63.79) 67.84) 65.46] 64.45) 67.53 


cThe average of 22 daygonly instead of 26 of which remaining depths and soils were taken. 
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TABLE 32.—AVERAGE TEMPERATURE OF Cie ants TYPES OF SOIL, NOT COVERED WITH SAND, 
, 1915. 


Date. 


Average... 


75.70 


Gravel. 


74.60 
72.77 
72.27 
63.00 
67.20 


65.40 
67.43 
72.27 
76.17 
78.50 


79.67 
78.43 
74.37 
76.57 
79.43 


73.00 
70.80 
70.17 
71.07 
75.10 
73.40 


72.23 
68.60 
69.67 
69.60 
75.43 
75.70 


74.18) 72.70 


Sand. 


Loam. 


| 78.20) 


74.96 


4’ | 6” 

76.50| 75.60 
76.33| 74.77 
75.17| 73.63 


63.45) 63.70 
70. 7 68.73 


64.53 65.30 
72.17, 69.83 
77.20) 74.63 
79.60) 77.43 
81.53) 79.37 


82.53) 80.23 
79.90) 78.57 
74.90, 74.70 
80.33) 78.23 
83.30| 80.97 


74.03) 73.47 
72.43) 71.50 
69.80) 70.43 
74.07) 72.07 
78.80) 76.40 
74.60) 74.00 


75.13) 73.53 
68.23) 68.67 
| 70.60) 70.23 
| 71.20] 70.20 
78.70) 76.90 
76.63 


ach 


75.27| 
73.23) 


72.00 
60.25 
66.70 


61.33 
67.30 
73.50 
78.30 
81.03 


83.00 
78.67 
73.33 
77.53 
81.13 


72.20 
70.73 
68.40 
72.67 
77.03 
72.80 


73.67 
67.27 
69.50 
70.73 
76.97 
77.60 


73.69) 73.41 


70.12) 74.39 


Clay. 


4’ 


x 
bo 
[=7) 


071.55} 71.04 


Peat. 


oF 


75 33 
74.97 
72.60 
61.90 
66.67 


64.03 
69.03 
72.63 
76.97 
81.00 


82.53 
80.03 
76.30 
80.73 
82.97 


75.13 
71.60 
69.83 
72.93 
77.00 
73.33 


74.90 
68.63 
71.23 
72.27 
79.43 
79.57 


74.20) 71.51 


cAverage of 23 days only. 
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STATE BOARD OF 
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TABLE 33.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 


AUGUST, 1915. 


Date. 


Average... 


Gravel. 


Sand. Loam. 


~ 
“a 
oO 
= 


or 


ov 


73.00 
72.27 
68.77 
61.70 
67.67) 


68.43) 
79.30 
81.03 
68.53 
66.77) 


74.07 
70.30 
77.77 
70.30 
72.90 


76.57) 
70.50) 
64.70 
76.40 
72.30 


68.30 
69.17 
67.97 
70.50 
65.33 
66.23 


| 73.23 
| 71.27 

68.73 
| 63.33 
| 65.97 


67.03 
74.97 
| 77.07 
69.53 
66.93 


71.37 
69.37 
74.67 
69.53 
69.50 


72.73 
69.50 
65.50 
| 72.80 
71.67 


66.77 
67.97 
65.90 
67.63 
63.70 
64.07 


Dor 
SUS 


90 
S 


Clay. 


4" 


<F 
oo 
am 
Sul 


~ 
oo 
for) 
oe 


on 
oe 
00 00 
ESI 


faa 68.58 
| 


70.80 


70.00 69.26) 68. 


68.17 


67.38) 69.42 


Peat. 


| 74.53 
| 71.77 


69.37 
64.77 


65.20 


65.50 
71.57 
73.17 
68.97 
67.03 


| 68.97 


68 .23 
71.43 
68.30 


| 65.77 


68 .37 
67.20 
65.33 
68.23 
69.37 


| 65.07 


65.43 
63.27 
64.47 
62.10 
61.47 


67.40 
67.47 
68.87 
68.77 
68.47 


66.30 
66.90 
66.37 
66.60 
67.90 


65.93 
64.77 
63.20 
63.57 
62.67 
61.43 


67.50} 67.28 
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TABLE 34.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT.COVERED WITH SAND, 
SEPTEMBER, 1915. 


Gravel. Sand. Loam. Clay. Peat. 
Date. 
2” 4’ 6” OE 4” 6” al 4’ 6” ex 4” 6” ule 4” 6” 
| | 

| ReacAca CGE | 70.17| 68.23 66.23] 70.07) 68.67, 67.03) 67.73) 65.50) 62.73] 68.10) 65.70) 63.90} 68.20) 63.97] 62.77 
Ee Ss a overs 73.33} 71.13) 68.77] 73.00) 71.43) 69.53) 70.73) 68.07) 64.93] 71.13] 68.27| 66.20) 71.50) 66.57) 64.50 
teats evar cad 72.03| 70.87} 69.43) 71.83} 70.93) 69.90] 70.20 68.63) 66.10] 70.40} 68.67| 67.20! 70.60) 67.40] 66.30 
ae een teeter e's 70.27| 69.17) 68.37| 70.10) 69.33) 68.77) 69.40) 67.93) 65.67| 68.23] 67.20| 66.60) 69.23) 67.13] 66.60 
Geter: | 64.10) 64.13) 64.27) 63.93] 64.13) 64.43] 64.30) 64.40] 63.50) 64.43) 64.40} 64.40] 64.50) 64.23) 64.80 
eer EOR OD | 69.97) 68.03) 66.47) 70.20) 68.67) 67.27) 69.10) 66.60) 64.23) 68.83) 66.63) 65.27) 69.13) 65.53) 64.77 
ee cee seas 74.33) 72.67| 70.80) 75.00) 73.60) 72.23] 73.63) 70.97| 67.93] 73.10! 70.90) 69.07] 74.13] 69.70) 67.77 
Dic ciens se 69.47| 69.23) 69.10) 70.70) 70.47, 70.40) 69.60) 69.37! 67.83] 69.20) 68.93) 68.60) 70.27] 69.50) 69.07 
Se Rebate 67.20} 67.23) 66.93) 67.63) 67.83) 67.87| 67.47| 67.37) 65.63] 66.90) 66.57| 66.10] 66.80} 66.33) 66.70 
Pasa Saree 71.23) 69.60) 68.00; 71.30) 70.17) 68.83] 70.83) 68.37) 65.93) 70.40) 68.17| 66.83] 71.23) 67.40) 66.40 
TOW a hs A 76.63| 74.97) 73.20) 79.57 77.93| 75.83] 76.13) 73.70| 70.37) 75.80) 73.57) 71.63) 75.67) 72.67| 70.20 
Wee tee des 80.77) 78.73] 76.37| 82.40) 80.93) 78.90} 80.37) 77.10| 73.20) 79.30) 76.63) 74.20) 78.33) 74.43] 72.10 
Wate des oes 76.90) 76.00} 75.23) 77.40) 76.73, 76.23] 76.90] 75.60) 73.20) 75.73) 74.80] 73.90| 76.00} 74.10] 73.13 
WOE Sees 75.47| 74.43] 73.53) 76.43) 75.63) 74.73] 74.80) 73.53) 71.60) 75.30) 73.80) 72.57| 75.33) 73.03] 72.10 
DA res ae 72.60) 72.10) 71.33) 73.03) 72.57) 72.00) 72.60; 71.60) 69.83] 72.53) 71.50) 70.97) 73.70) 71.77| 71.43 
021) ee | 67.17) 67.17| 67.30] 67.33| 67.60) 67.83) 67.63] 67.60| 66.37| 67.13] 67.07) 66.97| 66.77) 67.13] 67.83 
Poe eee: 56.67) 57.60) 58:90) 57.07| 57.80, 58.83] 57.37) 59.17) 59.60) 57.47) 58.70} 60.03] 58.17| 59.90) 62.73 
DD Ones is 60.70} 59.93) 58.27) 61.33] 61.27) 60.13] 60.43) 59.47) 57.93] 59.63) 58.90) 58.33] 59.87] 57.93] 58.97 
Det aes s os 60.90! 59.93) 59.33) 61.60} 61.00 60.27] 60.57| 59.47] 58.00] 59.93] 58.90) 58.33! 58.47) 57.27] 58.47 
0) 69.97 68.07) 66.00! 71.00] 69.77) 67.90) 59.33) 66.20) 62.93; 68.00) 65.50 63.53) 68.37| 63.63) 61.53 
DD aaa ees 69.87 68.40) 66.87] 70.77) 69.73) 68.30] 69.50! 67.13) 64.37] 68.20) 66.23 64.73, 68.30] 64.73] 63.30 
7 fi Pe aa 52.63) 53.10) 54.23) 52.33) 52.27) 53.40) 53.27) 54.20) 54.97] 53.13) 53.80] 55.30) 52.27] 54.57] 57.73 
a) aE ee 55.23) 55.13) 54.73) 56.47] 56.10) 55.43) 54.97) 54.57) 53.80] 54.00] 53.83) 52.87) 54.57) 53.37] 55.00 
PA eS 56.87) 56.23) 55.20) 57.60] 58.73) 56.27) 56.57) 55.47] 53.67| 54.80) 54.07 53.37) 55.40} 53.17] 53.80 
SO ca eaaee 57.20) 56.37| 55.60) 57.53 onal 55.80] 57.17) 55.63] 54.07) 55.07! 54.13 53.63) SoLOT bowls laoedas 
Average...| 67.67) 66.74! 65.78) 68.23] 67.41) 66.73) 67.22) 65.90) 63.94) 66.67| 65.47 64.58 66.88] 64.74) 64.47 
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TABLE 35.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
OCTOBER, 1915. 


| Gravel. Sand. Loam. Clay. Peat 
Date. | 
2 4” 6” De 4’ 6” 2 4’ 6” 2. 4" 6” | 2 4" 6” 

LS es ah oe | 52.97) 53.53) 53.20] 52.70] 53.33] 54.17] 53.10] 53.83) 53.60] 52.97] 53.37] 53.77) 52.87| 53.30) 54.50 
Dinca ae ck 59.60} 58.07) 57.37) 59.77) 59.00} 58.10} 58.67) 57.10) 55.13) 58.40) 56.87| 55.83) 59.13) 55.93) 55.07 
Belcan 61.03} 61.07) 60.83) 61.03) 61.33) 61.40] 60.93) 60.53] 59.00) 60.67) 60.33) 59.63) 61.60) 60.00] 59.13 
Ui BOB ete 53.43} 54.40] 55.13] 53.30) 54.03] 55.00) 53.43] 54.43] 54.47] 52.93) 53.87] 54.83) 54.07] 54.97] 56.70 
aaa naopaee 53.20} 53.63) 53.90} 52.87) 53.47) 53.37! 52.97] 53.40) 52.87) 52.23] 52.67) 53.10) 58.17) 52.97) 54.13 
(eee hie | 48.97) 50.37) 51.27) 48.93) 50.07) 51.20) 49.23) 50.50) 50.50) 49.27) 49.87) 50.57) 49.27) 50.20) 52.10 
‘See ene 44.40) 45.73) 46.80) 43.80} 44.93) 46.27] 44.50] 46.33) 46.50) 44.77) 46.37) 47.23) 44.67] 46.47) 49.43 
UES Pesaeer | 45.07] 45.90) 46.30] 45.27] 45.70] 45.97) 45.03] 45.60) 45.93] 44.50) 45.00) 45.70) 45.27] 45.90) 47.33 
1b meer 56.37) 54.53) 52.67) 57.40) 56.13) 54.10) 54.73) 52.07) 49.30) 53.80) 51.47| 49.60) 52.73) 48.57) 47.80 
WD iste danteee 46.97) 55.47| 54.33) 57.43) 56.60) 55.30) 55.50] 53.70) 51.70) 54.60) 58.13) 52.03) 53.97) 50.87) 50.40 
DAN Ane 56.33] 55.43) 54.73) 56.50) 55.87) 55.33) 55.50) 54.30) 52.77) 55.53) 54.13) 53.30) 55.33) 52.30} 52.03 
WSs tee ssi 56.10} 55.83] 55.47) 56.07) 56.07) 55.97] 55.83] 55.23) 53.73) 55.90) 55.27) 54.63) 55.77) 53.87) 53.47 
LO: Siete a 58.27) 57.50) 56.53) 58.57) 58.13) 57.23) 57.50] 56.23) 54.37) 56.77) 55.77) 55.03) 58.10) 55.00) 54.00 
1632 Stash 56.37| 55.03) 53.70) 56.60) 55.63] 54.30) 55.37) 53.50} 52.00] 54.10) 52.80) 52.10) 55.17} 52.30; 52.30 
1 ae ae oes Be 58.33| 57.93) 57.43) 58.47| 58.50) 58.13] 58.13] 57.23) 55.47| 58.13) 57.07] 56.30) 58.40} 56.30] 55.37 
LOS A reat 56.47| 56.27) 55.93] 56.20] 56.40) 56.10) 56.27| 55.77) 54.40| 56.13] 55.67) 55.20) 56.80] 54.97| 54.80 
AU Ae ti Pee 58.47| 57.50| 56.43) 58.83) 58.10) 57.20) 57.57! 56.23) 54.33] 57.43) 56:07) 55.17) 57.60] 54.80] 54.27 
4 [ES aa rie es 54.70] 54.17) 53.80) 55.03! 54.37) 54.37] 53.97] 53.40) 52.57| 53.50) 53.28) 53.03] 52.57] 52.27) 53.30 
Dlsieth oiuecis 53.63] 52.83) 51.80) 53.63) 52.97) 51.93] 52.43] 51.70) 50.40) 51.60] 51.33) 50.83! 50.33) 49.40] 50.77 
Doi clot eae ve 51.27) 51.23) 51.10) 50.93} 51.03) 51.13! 50.53) 50.57) 49.73] 49.73] 49.80) 49.93) 49.47] 48.97) 50.20 
DOS Pens ees, ae | 54.17) 53.13) 52.17) 54.47) 53.87] 53.00} 52.93) 51.60) 49.77] 52.13] 50.83) 49.87) 51.83, 49.10, 49.13 
DBM etre as te 50.60) 50.43) 50.27) 50.60) 50.70) 50.60) 49.87] 49.67] 49.13] 49.23] 49.07] 49.03] 48.70} 48.03} 48.90 
Qiks eters eo 51.57| 50.77) 50.00} 51.57| 51.20} 50.57| 50.47) 49.50] 47.70] 49.57) 48.73] 48.07) 49.50) 47.37) 47.93 
285.5; ede 53.80) 52.40) 50.37) 54.10) 53.13] 51.70) 52.30) 50.53) 48.63) 51.53) 50.03) 48.93) 51.20) 48.13] 48.20 
7A ne, oe 51.77| 51.03) 50.53) 51.77] 51.53] 50.87] 50.70} 49.90] 48.93] 50.03] 49.27] 49.03| 49.43! 48.23) 48.57 
OO See eee 51.37] 50.63} 50.00) 51.60) 51.03] 50.57] 50.37| 49.53] 48.20] 49.33) 48.83] 48.43) 49.40) 47.73] 48.17 
Average.. .| 53.66) 53.65! 53.16) 54.13) 53.97) 53.61) 53.38) 52.78) 51.58 52.88 52.34) 51.97) 52.94) 51.46) 51.85 
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TABLE 36.—AVERAGE TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND, 
NOVEMBER, 1915. 


Gravel. Sand. Loam. Clay. Peat. 
Date. ee ee 
| | | | 
Of 4” 6” oO” 4’ 6” | yx | 4” 6” Vad 4” 6” 2” | 4’ 6” 
| 
LS BO eter 53.70| 52.73) 52.30!) 53.50) 53.03] 52.83) 52.20, 51.57) 50.50) 51.70] 50.47) 50.80 51.03| 50.17) 50.17 
a ene 45.37| 46.53) 47.63) 45.30) 46.30| 47.57) 45.27) 47.07) 47.73) 45.10] 46.23] 47.67] 45.03) 47.83] 49.10 
Dive accet 42.90} 43.331 43.73) 42.70) 43.17) 43.63) 42.67) 43.30) 43.17) 41.90] 42.47] 43.13] 41.37| 42.13} 44.90 
ATs Xe axe teves 48.63| 47.83| 47.00) 48.83) 48.30] 47.63) 47.50) 46.57) 45.37| 47.00) 46.10] 45.47) 46.80) 44.83) 45.20 
eterno wicesisi 42.97| 43.70] 44.30, 42.50| 43.27) 44.13) 42.60) 43.70| 43.80) 42.63) 43.27] 44.00) 42.20) 43.23) 45.13 
| | | 
GB wie torepetars 43 .43| 43.03] 42.73] 43.30) 43.00) 42.73) 42.27) 41.97) 41.57) 42.00) 41.73) 41.80 40.73) 40.40} 42.60 
Beet siinces 56.07| 54.60! 52.87| 56.97) 55.97| 54.50) 54.90) 52.67) 49.87| 54.60) 52.50| 50.63] 54.10] 50.03] 47.70 
OF Pears cissts 46.17) 46.33| 46.70) 46.10) 46.60! 47.17) 46.10) 46.53] 46.20) 45.47) 42.57| 46.23) 45.37) 45.60] 46.60 
Oe eee 41.30] 41.47! 42.47| 40.80) 41.33) 42.20) 41.53) 41.63 42.23) 40.87| 41.47) 42.27) 39.50) 40.93] 43.57 
Pay, Ss, 53.23) 51.40, 49.77) 53.33] 51.87) 50.40) 51.60) 49.20} 47.00) 51.77) 49.43) 48.00 50. 63 | 46.80) 45.63 
1D Sees eae «| 43.43] 44.40) 45.40} 43.03) 44.10) 44.03) 43.97) 45.60} 45.73, 44.10) 45.60) 46.10 44.17] 45.33] 46.60 
Gi SESS eee 40.30] 40.93} 41.17] 40.00] 40.63) 41.23) 40.77) 41.60) 41.67) 40.70) 41.27) 42.23) 40.53) 41.00) 43.13 
1: cee Sama i 34.67| 35.97) 37.17| 34.23) 35.27| 36.67) 34.70) 36.83) 37.83) 35.13) 36.57) 37.87) 35 57| 37.57) 40.10 
Bara cere soa: 33.73! 35.67| 35.77) 32.83) 33.87) 35.17) 33.37) 35.17) 36.17| 33.47] 34.80) 36.13] 33.97) 36.07) 38.50 
W/E ees ae ee 37.97| 37.80) 37.67! 37.57| 37.60) 38.03) 37 13| 37.40] 37.07| 38.47| 38.17) 37.90] 34.87) 35.70) 37.53 
i Re ee ape 37.83| 38.03) 37.97! 37.67) 37.90} 38.00) 37.37| 37.47| 37.17) 38.00) 37.83] 37.70] 35.73) 35.87} 37.40 
it ee 39.67] 40.17) 40.57| 39.63] 40.20, 40.80) 39.40) 40.10) 39.83) 39.97) 40.33} 40.53) 38.93) 39 07| 39.53 
0 ee ae ee 36.77| 37.63| 38.33| 36.63) 37.43) 38.27| 36.67) 37.77| 37.97) 37.30] 37.97] -38.27| 36.63] 37.40] 38.70 
OPE se ee Eee 32.87] 33.93] 34.80] 32.53; 33.63) 34.70) 33.30) 34.67) 35.27) 33.47) 34.40) 35.40] 33.63) 34.87| 37.10 
DNR cans cave Stas 32.43] 33.43] 34.13] 32.13] 33.07) 34.00] 32.60) 33.97) 34.47) 33.07) 33.90) 34.67) 33 27| 34.23| 36.07 
34.70} 35.00) 35.27| 33.60] 34 37| 35.13] 33.60| 34.57! 34.57| 34.03] 34.60] 34.10] 33.07) 33.97) 35.57 
.| 48.03] 46.77) 45.60} 48.47| 47 46.63} 46.47| 44.90] 42.93) 47.00| 45.40) 44.00) 45.43) 42.17| 40.67 
.| 43.60} 44.20) 44.60) 43.37 43 .93| 44 .37| 42.93) 43.80] 43.43) 43.20] 43.97) 44.13] 43.20) 42.97| 42.90 
34.63] 36.07| 37.20) 34.00] 35.10| 36.47| 34.97| 36.77) 37.53) 35.37] 36.77| 37.97| 36.00) 38.00) 40.07 
33.83) 34.83] 35.83) 33.40) 34.43) 35.50) 33.87) 35.50 36.03! 34.57] 35.60) 36.47) 34.60] 36.10) 38.00 
Average...| 41.37) 41.67| 41.87) 41.14] 41.52) 41.91) 40.95) 41.45) 41.25) 41.07) 41.18) 41.58) 40.50) 40.73 41.94 
| 


The daily and monthly average temperature of the second year, Decem- 
ber 1, 1912 to November 30, 1913, are contained in Tables 1 to 12, in- 
clusive. Beginning with the data of the month of December it will 
readily be seen that at the commencement of the month all the various 
types of soil at the three different depths had practically the same magni- 
tude of temperature and had not yet reached the freezing point. The 
temperature at all three depths in every soil diminished gradually until 
December 12 when the upper 6-inch depth began to freeze. At this date 
the 6-inch depth of only the sand and gravel froze, that of the loam and 
clay froze one day later and peat ten days later. It will be noted, how- 
ever, that while the peat at the 6-inch depth froze ten days later than 
that of the other soils its temperature during this time was only a few 
tenths of a degree higher. The temperature at the 6-inch depth of all the 
soils remained at or slightly below 32°F until January 3, when it rose in 
all of them a few tenths of a degree but it fell again at or below 32°F on 
January 29. Between February 4 and 14 the temperature at the 6-inch 
depth of all soils was several degrees below zero and on February 13 
reached its minimum for the winter. At this date the average tempera- 
ture of the various soils at this upper depth was as follows: gravel 22.43°, 
sand 19.60°, loam 23.30°, clay 23.93°, and peat 20.50°F. It is of great 
interest, therefore, to note that all these diverse classes of soil had prac- 
tically the same average temperature during this period of cold weather 
in spite of their great difference in heat conductivity, water content, etc. 
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The air temperature on February 13 when the lowest temperature was 
reached, was 3° F. 

While the 6-inch depth of all the different types of soil began to freeze 
about Dec. 12 and its temperature tended to remain at or near the 
freezing point, the 12 and 18-inch depths of all these soils did not really 
begin to freeze until the commencement of February when the extreme 
cold weather came. The 12-inch depth of the gravel and sand froze Feb- 
ruary 3, that of loam, clay and peat on February 5, or two days later; 
while the 18-inch depth of the various soils froze as follows: gravel Feb- 
ruary 6, sand February 8, clay February 10, loam February 11, that of 
peat did not completely freeze, its temperature remaining a few tenths 
of a degree above 32° F. throughout the rest of the winter. 

It is remarkable to note that the temperature of the 12-inch and as 
well as that of the 18-inch depths attained its minimum degree prac- 
tically simultaneously with the 6-inch depths. Yet when this minimum 
was reached at.all three depths the difference or gradient of temperature 
between the 6 and 18-inch depths was very marked, being in most cases 
close to 12°F. In other words, when the temperature of the 6-inch depth 
reached its lowest degree, and it was about 20° F, the corresponding 
minimum of thé 18-inch depth, which occurred on the same day, was 
about 32°F, or a gradient of 12°F. 

The temperature at the 6-inch depth remained considerably below 32°F 
from February 4 to 20 and then it rose and tended to stay at about 32°F. 
When the other two depths froze their temperature also tended to re- 
main at about 32°F. Hence the upper 18-inch layer of the:soil had almost 
the same temperature and consequently had no gradient. 

The temperature of the entire upper 18-inch layer remained at the 
freezing point until thawing began. The first thawing occurred on 
March 19. At this date the gravel and sand thawed completely down to 
the 18-inch depth—in a single day—while only the 6-inch depth of the 
loam and clay thawed on this date and that of the peat did not show any 
signs of thawing. At ‘the 12 and 18-inch depths only clay commenced 
to thaw by March 26. The process of thawing, however, was only of 
short duration as on March 26 the air temperature fell very low and the 
upper 6-inch depth began to freeze again. On March 31, however, the air 
temperature went up again and the soil temperature commenced to rise 
accordingly. On April 1 the 12-inch depth of the loam and the 6-inch 
depth of the peat began to thaw. The 12-inch depth of the peat did not 
show signs of thawing until April 15. The temperature of the 18-inch 
depth of the loam began to rise slightly above 32°F by March 8—long 
before the actual thawing at the surface of the various soils had taken 
place—so that by the time the other two depths had thawed it was by a 
few degrees higher than that of the 12-inch depth. 

This rising of temperature at. the 18-inch depth of the loam before 
complete thawing had taken place at the above depths is extremely inter- 
esting and goes to indicate that some heat comes to the surface from 
the lower and warmer depths of the earth. This fact finds confirmation 
in all the other soils and especially in peat. The 18-inch depth of the 
latter did not completely freeze but its temperature remained a few 
tenths of a degree above 32°F. By the middle of March, however, its 
temperature began to rise slowly but rather persistently so that by 
April 1, when the 6-inch depth of this soil commenced to thaw it was 


EXPERIMENT STATION BULLETINS. 731 


34°F and by April 15 when the 12-inch depth began to thaw it had risen 
to 36.43°F. 

These instances therefore, prove conclusively that an appreciable 
amount of heat traverses to the surface from the lower depths and tends 
to maintain a higher temperature there than would otherwise exist. It 
is perhaps partly. on this account that after the soils freeze at the upper 
depths their temperature tends to remain at about the freezing point. 
At least a portion of the heat they lose at these upper depths is re- 
plenished by the heat coming from the lower depths. In the spring, how- 
ever, when the air temperature begins to rise and the loss of heat from 
the soil is thereby diminished if not entirely stopped, the heat coming 
from the interior of the earth accumulates near the upper depths and 
causes a rise in temperature, just as the experimental data show. The 
amount, however, coming to the surface during a single day is un- 
doubtedly small, partly because of the low heat conductivity of the soil, 
and partly on account of the small gradient of temperature existing at 
the adjacent depths. 

Immediately upon complete thawing the temperature of the sand and 
gravel rose at once a few degrees above that of the clay and loam and 
several degrees above that of peat. In about three or four days, how- 
ever, from the day that the actual thawing occurred, March 31, and 
freezing did not reoccur, the temperature of the sand, gravel, loam and 
clay reached about the same degree; that of peat, however, did not rise 
to the same magnitude until April 26 or about 27 days later. The reason 
for this is that its 12-inch depth did not begin to thaw until April 15 or 
almost one month after the corresponding depth of the other soils com- 
menced to thaw. As soon as its entire frozen layer, however, had thawed 
then its teniperature rose rapidly and approached that of the other soils 
in a short time. 

The slow rate of thawing of peat and the rapid ascend of its tempera- 
ture thereafter is extremely interesting and suggests very strongly that 
it is the latent heat of fusion of ice, which amounts to 80 calories per 
gram of water, which delays the warming of those soils possessing a large 
amount of water and not necessarily the high specific heat of the water in 
the liquid state. This inference finds strong confirmation in the fact 
that during the fall the peat which possesses the greatest total specific 
heat cools at the same rate and has practically identical temperature as 
the other soils. 

The rapidity with which the clay and loam thawed and the rise of 
their temperature to the same magnitude as that of the sand and gravel 
in such a short time contradicts the exaggerated general belief that 
these soils possess a greatly lower temperature during the spring and 
therefore should be classed as cold soils. 

Although by April 26 the average temperature of all the different types 
of soil approached the same magnitude it did not come any nearer be- 
tween them, as it continued to rise in the subsequent months, until next 
September. Thus during the months of May, June, July and August it 
varied appreciably in the different types, being always highest in sand 
and gravel followed by loam, clay and peat, respectively. At some days 
the sand and gravel had as much as 10°F higher temperature than the 
peat at the 6-inch depth. This large difference, however, occurred only 
whenever the air temperature rose very high suddenly. As a monthly 
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average during May and June the sand and gravel were about 4 or 5° F 
warmer than the peat at the 6-inch depth and only about 2°F warmer 
than the clay and loam, while as an average during the months of July 
and August the sand and gravel had only about 2 or 3°F higher tempera- 
ture than peat and about 1 or 2°F greater than the clay and loam. 

The higher average temperature of the sand and gravel over that of 
the clay, loam and peat during the spring and summer months, when their 
surface was not covered by a thin layer of sand as in the first year, is 
very noteworthy. It goes to show that those soils which possess a high 
moisture content are kept somewhat colder, during those months that 
the temperature rises, than the soils of low water-holding capacity, in 
spite of the darker color of some of the former. Evidently, these various 
soils lose different amounts of water through evaporation and conse- 
quently maintain different degrees of temperature. 

That the factor of evaporation is the casual agent for this variation 
in temperature between the different classes of soil is shown by the fact 
that when the surface of these soils is covered by a thin layer of sand 
so that the evaporation of their water is more or less equalized, this 
variation disappears, and all the soils have practically equal magnitude 
of temperature as will be subsequently shown. 

The highest daily average temperature for the year was reached between 
June 28 and 29 by all soils and at all three depths. The magnitude of 
temperature on June 28 for the 6, 12 and 18-in. depths respectively was as 
follows: gravel 87.88°, 81.30°, 78.70°; sand 85.03°, 79.87°, 75.67°; loam 
85.83°, 79.00°, 73.37°; clay 84.40°, 78.33°, 73.87°; and, peat 80.37°, 
74.73°, T0.97°F. 

The highest monthly average temperature, however, occurred in July 
and ranged as follows for the 6, 12 and 18-inch depths, respectively : 
gravel 78.73°, 75.77°, T4.74°; sand 77.23°, 74.79°, 73.84°; loam 77.89°, 
15.25°, %2.55°; ‘clay 76.38°, 74.11°, %2.79°; and, peat 75.527) fore. 
71.96°F. 

The high temperature continued to prevail until August and then 
began to diminish. The differences in temperature between the various 
types of soil also commenced to decrease in August and by the middle 
of September they had almost entirely disappeared and the various 
soils then began to have identical degree of temperature. From this 
period on throughout the months of October and November or until the 
beginning of the third year in December, they cooled at about the same 
rate and maintained practically equal magnitude of temperature. 

There were days, of course, when the average temperature of the dif- 
ferent soils varied appreciably. But this occurred only whenever the 
air temperature changed very rapidly. On such occasions the peat would 
have a slightly higher temperature than the other soils if the air tempera- 
ture went down rapidly, while the mineral soils and especially the sand 
and gravel would manifest a slightly higher temperature if the air tem- 
perature rose suddenly and rapidly. But as an average for the month all 
the soils were equally warm. 

The same rate of cooling and equal magnitude of average temperature 
of the diverse classes of soil during the fall months occurred in all four 
years and are indeed remarkably interesting and contrary to the gen- 
eral popular belief. It has been popularly believed that since the sandy 
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and gravelly types of soil contain a low percentage of water and conse- 
quently a small total heat capacity, they would cool at a greater rate 
and have a lower average temperature in the fall than such classes of 
soil as the loam, clay and peat which contain a relatively high water con- 
tent and hence a large heat capacity. 

This even rate of cooling and equal average temperature in the fall 
and winter months of the different types of soil both when their surface 
is covered with the thin layer of sand and when it remains uncovered in- 
dicate that there is no one intrinsic factor during this period which is 
sufficiently powerful to predominate and cause a variation in the tempera- 
ture of these various soils. 

The main and most important facts revealed by the daily and monthly 
march of the temperature of the different types of soil during the sec- 
ond year when they were not covered with a layer of sand may be sum- 
marized then as follows: (1) All these diverse types of soil froze at 
about the same time at the various corresponding depths, with peat at 
a slightly lower rate and had practically the same magnitude of tem- 
perature throughout the winter; (2) During a period of cold weather 
they all reached an equal minimum of temperature and at the same day 
at all three depths; (8) In the spring the sand and gravel thawed first, 
followed by loam and clay about one or two days later and peat several 
days later, down to the 18-inch depth; (4) Immediately upon complete 
thawing the average temperature of the sand and gravel rose a few de- 
grees above that of the loam and clay and several of that of peat. In 
about three or four days, however, the temperature of the clay and loam 
rose to about the same magnitude as that of the sand and gravel, but 
that of the peat required considerably longer time to approach the same 
point; (5)The temperature of all the soils at all three depths continued 
to rise, after complete thawing, and almost attained the same magni- 
tude but it did not become equal until in the fall. Up to this time it 
varied, being highest in the sand and gravel, followed in order by loam, 
clay and peat, respectively; (6) With the commencement of the fall the 
temperature of all the soils began to be equal and continued to be about 
the same throughout the fall months until the third year began in 
December. 

It will now be seen how the foregoing results compare with those of 
the following or third year. 

With the commencement of the third year, December 1, 1913 to No- 
vember 30, 1914, all the different types of soil were again covered with 
a thin layer of sand as in the first year, December 1, 1911 to November 
30, 1912. The daily and monthly average temperature of the third year 
are contained in Tables 13 to 24 inclusive. — 

An examination of these tables reveais (1) that all the different types 
of soil at all three cepths did not freeze during the winter of the third 
year. Toward the last week of December the 6-inch depth of the various 
soils approached the freezing point but their temperature rose to about 
33°F and prevailed at this point throughout the winter until in the 
spring when it began to rise. The temperature of the 12-inch depth re- 
mained throughout the entire winter at about 35°F and that of the 18- 
inch depth at about 36°F. The magnitude of the daily and monthly 
average temperature was remarkably close in all types at the respective 
depths. 
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(2) Signs of rise of temperature began to be manifested by March 14 
but the real ascent did not commence until March 25, The temperature 
of the sand, gravel, loam and clay at the 6-inch depth rose almost simul- 
taneously to about 40°F; that of the peat at the corresponding depth 
did not reach this point until March 381 or 6 days later. From this date 
on the average temperature of all the various soils tended to be equal. 
During the month of April it varied only about 1 or 2°F as a monthly 
average but as high as 7 or 8°F on certain individual days when the 
air temperature underwent rapid changes. During the months of May, 
June, July, August, September, October, and November, indeed up to the 
next cycle, the average temperature of all these distinct classes of soil 
was almost exactly the same. As a monthly average, the highest varia- 
tion that occurred between any of them was only a little over 1°F. The 
peat especially at the 6-inch depth had a slightly higher temperature dur- 
ing the warmest part of the year than the other soils. The daily highest 
average temperature was attained on June 10. The magnitude on this 
date was as follows for the 6, 12 and 18-inch depths, respectively: 
gravel 81.90°, 76.50°, 73.98°; sand 81.47°, 75.00°, 70.97°; loam 80.93°, 
14.23°, 67.97°; clay 80.47°, 73.77", 70:0T°; and, peat 81.037) "ian 
67.20F. The monthly highest average temperature, however was reached 
in July with the following magnitudes: gravel 75.92°, 74.08°, 72.62°; 
sand 75.24°, 73.30°, 71.53°; loam’ 75.80°, 73.27°, 70.15°; clay: 7a.ane, 
72.27°, 71.26°; and, peat 76.93°, 74.06°, 71.74°F for the 6, 12, and 18- 
inch depths, respectively. 

The results of the spring and summer months of the third year, there- 
fore agree almost perfectly with those of the first year, but disagree with 
those of the second year. As already seen in the second year the average 
temperature of the different soils varied appreciably during the spring 
and summer months, with the sand and gravel having the highest tem- 
perature followed by loam, clay and peat, respectively. 

During the first and third year, however, all the diverse classes of soil 
were covered with a thin layer of sand, as already stated, while during 
the second year this cover of sand was not present and consequently the 
natural surface of these soils was exposed to the atmosphere. 

The remarkable equality of temperature, therfore, of the various types 
of soil during the first and third year when their surface was covered 
with a thin layer of sand and its inequality during the second year 
when their surface was not covered suggest the noteworthy fact that it 
is the thin layer of sand that caused the equality. It accomplished this 
mainly by equalizing to a greater or less extent the amount of water 
that the various soils lost through evaporation. The clay, loam, and peat 
and especially the latter, for instance, possessing a high water content 
tended to lose more water through evaporation than the sand and gravel 
whose water content is low, and consequently their temperature was kept 
lower, just as the results of the second year show. By placing a thin | 
layer of sand, which acted as a mulch, over these types of soil whose 
water content is high, the evaporation of their moisture was reduced, 
and their temperature was thereby raised to the same magnitude as that 
of the soils with a low water content. It was the inequality in the 
amount of evaporation, therefore, that caused the various types of soil 
to have different degrees of temperature; and when this difference in 
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evaporation was prevented, then all the diverse classes of soil were equally 
warm during the spring and summer months. 

The knowledge, therefore, that a thin layer of sand at the surface is 
capable of raising several degrees the temperature of clay and loam and 
especially of peat, is of the greatest practical importance. 

It has already been stated that up to the end of the third year the 
temperature of the different types of soil was measured at 6, 12, and 18- 
inch depths. With the beginning of the fourth year, December 1, 1914 
to November 30, 1915, the thermometers were removed and placed at the 
depths of 2, 4, and 6 inches. This change was made with the desire to 
obtain information on the soil temperature more close to the surface, 
and also to ascertain whether the general trend of order of the magni- 
tude of temperature at the upper depths would be similar to that at the 
lower depths. The cover of sand was also removed from the top of these 
soils so that their natural surface was exposed to the atmosphere during 
this year. The data obtained during the fourth year are contained in 
Tables 25 to 36 inclusive. 

An examination of these tables shows that (1) all the different types 
of soil began to freeze almost simultaneously at the respective depths 
with peat at a slightly slower rate. By the end of December they had 
all frozen practically down to the 6-inch depth. From this period on 
they remained at the freezing point throughout the winter until in the 
spring when they commenced to thaw. During the winter months their 
temperature was not only almost exactly the same at any corresponding 
depth but also of practically equal magnitude at all depths. In other 
words the upper 6-inch layer of soil had the same magnitude of tem- 
perature. The lowest average temperature was reached on January 30. 
At this date the average temperature of the sand went down a few de- 
grees lower than that of the other soils. 

(2) Thawing began to occur by March 12 but it did not actually com- 
mence until April 1. The gravel, sand, loam, and clay thawed almost 
simultaneously, with peat about four days later. The temperature of 
the mineral soils rose quite rapidly to about the same degree, followed 
by peat with a few days later. 

(3) The average temperature of all the soils then tended to be equal, 
as it ascended, but it did not reach equality until about September. Up 
to this time the magnitude varied in the different types, being greatest in 
sand and gravel, followed by clay, loam, and peat, respectively. The 
temperature of peat, however, was only about 2°F lower than that of the 
sand or gravel at any corresponding depth, throughout the months of 
May, June, July, and August. 

(4) By the beginning of September this variation in average tem- 
perature in the different soils began to disappear and the magnitude be- 
came practically identical in all of them at all three depths, and con- 
tinued to be equal until November 30, which is the end of the year. 

The results of the fourth year, show, therefore, that the average tem- 

perature of the upper depths of the various types of soil behaved almost 
in the same manner as that of the lower depths of the second year or 
corresponding year, when the surface of the soils was not covered with 
the sand. 
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TH DAILY REVERSION OF TEMPERATURE AND THE TEMPERATURE GRADIENT AT 
THE ADJACENT DEPTHS. 


Unless the soil is frozen it almost always has a gradient of temperature 
at its adjacent depths. This gradient of temperature, however reverses 
itself between day and night during the warm part of the year to the 
depth that the diurnal-nocturnal amplitude of oscillation of tempera- 
ture extends. During the day it decreases from the surface downward 
and during the night the reverse is true. There are periods, however, 
both in the night and day, when this gradient is not regular. This occurs 
usually at the time that the reversion takes place. The magnitude of 
the gradient between the different depths varies with the time, both at 
day and night, and the air temperaure. 

This gradient of soil temperature at the adjacent depths and its re- 
version between day and night is due, of course, to the fact that the air 
temperature reverses itself during these periods and the soil receives or 
loses its heat more at the surface, at any given time, than at the increas- 
ing depths. 

The soil, down to the depth that the diurnal-nocturnal amplitude of 
oscillation of temperature extends, receives its temperature in the form 
of waves. Thus, for instance, in the morning before sunrise, there 
occurs at its surface a minimum temperature. At this time the tem- 
perature is lowest at the surface and increases with depth. As soon as 
the air temperature begins to rise, however, the temperature at the sur- 
face of the soil also commences to climb. The minimum temperature, 
however, is travelling downward as a wave, and lowers the temperature 
of the various depths as it reaches them. But as soon as the tempera- 
ture begins to rise at the surface, it also is conducted downward as a 
wave and immediately follows the minimum temperature wave, and causes 
a rise in temperature. At about this point a reversion takes place at and 
near the surface and the gradient becomes discontinuous. The soil then 
at the upper and lower depths has a higher temperature than at the 
intermediate. 

The intensity of the minimum wave becomes less and less as it travels 
downward until finally it reaches a depth where its influence is no longer 
perceptible. The warm wave, which immediately follows it causes then 
the temperature of all the depths to rise. A gradient then is again estab- 
lished and decreases in magnitude from the surface downward. The 
magnitude of this gradient between the adjacent depths increases, as 
the temperature rises in all depths, until the maximum temperature is 
attained at the surface when it becomes greatest. At this time the sur- 
face soil possesses a very high temperature and the temperature falls 
very rapidly with the increase in depth. 

The maximum temperature which occurred at the surface travels to 
the lower depths as a maximum wave, and imparts to the different depths 
a maximum temperature at different times. 

But this maximum wave is immediately followed by a cold wave which 
lowers the temperature at the various depths and decreases the magni- 
tude of the gradient. The cold waves of different intensities continue to 
travel through the soil, and to cause a reversion of its temperature in 
the same manner as the warm waves already discussed. 

A concrete illustration of the propogation of these cold and warm 
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waves into the soil and the degree of temperature gradient at the ad- 
jacent depths at any particular time, are afforded by tables 37 and 38, 
which contain the temperature of the different types of soil at four dif- 
ferent depths taken every 20 minutes from the time that the minimum 
or maximum temperature occurred at the surface to the time they had 
reached the lowest depth in all the soils. These records are a few of a 
ereat number that were taken at various times throughout the four years. 
The data presented here were obtaind during the fourth year when the 
thermometers were placed at 2, 4, and 6 inches from the top. The tem- 
perature at 0 inch depth or at the surface was taken by a mercury ther- 
mometer which had a very small bulb. This bulb was inserted into the 
surface soil until it was completely covered. It registered the tem- 
perature only of the upper 14-inch depth. 
93 
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The above figures, therefore, show that the heat is propogated into 
the soil in the form already described. 

They also show that the degree of gradient of temperature is much 
ereater during the day when the maximum temperature is reached than 
during the night when the minimum is attained, at the surface. Thus, 
for instance in the former case the difference is almost as high as 30°F, 
while in the latter case it is only about 10°F. It is to be noted that in 
both instances the amplitude is greatest between the surface and 2-inch 
depth and decreases rapidly with the succeeding depths. 

Another extremely interesting fact that is revealed by the above tables 
is that the rate at which the maximum and minimum waves travel at the 
various depths of any particular soil tends to follow approximately a 
mathematical law. This law may be stated as follows: the lag of the 
maximum and minimum epochs tends to be approximately proportional 
to the depth, in all the different types of soil. 

The larger gradient during the day over that at night is due, of course, 
to the fact that during the insolation the soil receives its heat both 
by absorption and by contact with the warm air and since it is a poor 
conductor of heat the temperature rises at the top much faster than it 
is conducted downward. While during the night it is this high tempera- 
ture at the depths that is being lost, through radiation and contact with 
the cold air, and since the rate of cooling is slower than that of warm- 
ing, the various adjacent depths do not attain very large gradients of 
temperature. 

The night or early morning gradient at the various adjacent depths 
is greatest in the fall, and slightly smaller in the summer, and spring. In 
the fall the magnitude between the surface and 6-inch depth is usually 
about 5°F while in the summer and fall it is about 38°F, in the mineral 
soil, and slightly higher in the peat. 

The degree of gradient at the various depths both at night and day 
is of great importance from the standpoint of aeration and thermal move- 
ment of moisture in soils as shown by the author elsewhere’. 


EFFECT OF METEOROLOGICAL ELEMENTS ON THE SOIL TEMPERATURE, 


It has already been stated that the external factors which comprise 
the meteorolegical elements act upon the intrinsic factors and cause the 
temperature of the soil to vary as they themselves vary. These meteoro- 
logical elements, however, do not all influence the soil temperature in the 
same direction, and are very complex as to their behavior and comse- 
quently the influence of all of them is not readily apparent. In the pre- 
vious report an attempt was made to establish a connection between the 
‘soil temperature and the various chief meteorlogical elements but it was 
not altogether successful. The only factors with which the soil tempera- 
ture correlated very closely was the air temperature, the dew point 
and the sunshine during the summer. 


‘Technical Bul. 22 Mich. Expt. Sta., 1915. 
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THD DAILY AND MONTHLY MAXIMUM AND MINIMUM TEMPERATURE AND THE 
MONTHLY AMPLITUDE. 


Thus far the average daily march of average temperature of the various 
types of soil has been considered. It will now be of interest to examine 
the daily maximum and minimum temperature and consequently also 
the amplitude of these same classes of soil. The data for the three 
years are includéd in Tables 39 to 74 inclusive. As previously stated 
these maximum and minimum temperatures do not represent the abso- 
lute values, but they approach these actual or true values very closely. 
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BEGINNING WITH SECOND YEAR. 
TABLE 39.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 


WITH SAND, DECEMBER, 1912. 


Clay. 


Gravel. Sand. Loam. Peat. 
2. 18’ 6” hy 18” 6" 12” 18” 6" 12" 18” 6" 12” 18” 
42.7 | 41.9 | 44.0 | 42.6 | 42.5 | 40.9 ; 40.2 | 40.6 | 42.2 | 40.6 | 40.7 | 38.6 | 37.8 | 40.7 
41.2 | 40.3 | 41.7 | 41.3 | 40.7 | 39.1 | 38.3 | 39.8 | 40.7 | 38.8 | 89.4 | 36.4) 37.6) 194006 
39.4 | 41.5 37.5 | 39.6 | 41.8 | 38.3 | 40.3 | 41.4 38.4 | 40.6 | 41.5 | 38.2 | 38.6 | 40.9 
38.3 | 40.7 | 36.5 | 38.3 | 41.4 | 37.0 | 39.6 | 41.3 | 37.1 | 39.6 | 41.2 | 37.3 | 38.4 | 40.8 
39.0 | 39.9 | 38.9 | 39.1 | 40.1 | 37.5 | 38.9 | 40.9 | 38.1 | 39.0 | 40.2 | 36.5 | 38.4 | 40.7 
38.1 | 39.6 | 36.8'| 38.1 | 39.9 | 36.8 | 38.5 | 40.0 | 37.1 | 38.5 | 389.7 | 36.4 | 38.1 | 40.6 
39.7 | 39.9 | 40.6 | 39.7 | 40.4 | 38.1 | 38.8 | 40.5 | 38.9 | 38.9 | 39.9 | 36.7 | 38.1 | 40.5 
37.9 | 39.7 | 35.9 | 37.9 | 39.9 | 36.4 | 38.5 | 40.3 | 36.6 | 38.5 | 39.8] 86.3°) 87.85) 4008 
42.9 | 42.3 | 43.1 | 43.1 | 42.5 | 41.9 41.1 | 41.4 | 42.7 | 41.2 | 41.3 | 39.7 | 39.1 | 41.0 
39.9 | 41.7 | 38.2 | 40.0 | 41.9 | 33.9 | 40.7 | 41.1 | 39.0 | 41.0 | 41.1 | 39.1 | 38.4 | 40.9 
38.1 | 40.8 | 36.9 | 38.2 | 41.0 | 37.1 | 39.9 | 41.5 | 37.1 | 39.8 | 41.2 | 38.0 | 39.1 | 41.2 
OUeO soe Me oueOn|metee | 40eu: | 36.1 |} 39.1 | 41.0 | 36.0 | 39.0 | 40.5 | 87.2 | 38.5 | 40.4 
| 
35.1 | 38.2 | 34.2 | 35.6 | 38.8 | 34.2 | 37.4 | 39.7 | 34.0 | 37.2 | 38.9 | 35.5 | 38.2 | 40.9 
34.7 | 88.07} 33.1 | 85.0 | 38.2 | $3.9)) 387.1 | 39.5 | 83.72) 36.6) 38.59) So. ON Sy commeone: 
34.4 | 37.2 | 32.8 | 34.8 | 37.9 | 33.6 | 36.5 | 38.9 | 33.2 | 36.3 | 38.2 | 34.7 | 37.4 | 40.3 
$3.7 | 36.9 | 32.3 | 84.1 | $7.4.) 83.1 | 36:4 | 38.7 | 32.9) [936.1 | S7 Basa easy ale enone 
34.7 | 37.5 | 33.0 | 34.9 | 37.7 | 33.4 | 36.3 | 38.5 | 33.2 | 36.1 | 37.8 | 34.3 | 37.2 | 40.1 
33.7 | 36.6) 32.1 | 34.3.1 37.3, ] 82:9] 35:8)| 88.1 1-82. 751385.5. ort .d leo oGeee mB ae 
$3.1 | 36.4 | 31.3 | 33.8 | 37.2 | 32.7 | 35.8 | 38.0 | 32.5 | 35.5 | 37.3) |) Soin incbcammaael 
32.6 | 35.7 | 30.3 | 33.0 | 36.4 | 32.2 | 35.2 | 37.6 | 31.7 | 34.9 | 386.7 | 3350)) SbL0N e38u6 
32.2 | 35.7 | 30.3 | 32.9 | 36.3 | 31.7 | 35.0 | 37.5 | 31.6 |. 34.8 | 36.5 | 32.9 | 35.6 | 38.7 
SLC7 5) 35.0 | 29:7 | 32.2) :85.8 | 8178) 34.5 | 8629 1310) 84-1 S60 Peer ealaoee see 
| 
31.9 | 35.3 | 30.7 | 32.7 | 35.9 | 31.3 | 34.6 | 37.0 | 31.4 | 34.2 | 36.1 | 32.7 | 35.2 | 38.2 
31.7 | 33.9: | 28.8 |) 31.2 |, 34.9 | 30.3] 83.2) ||| 35.9) | 30.2))) 33.05) 84.95) Sits eee owe 
32:1 || 34.8) | 3152 | 3229 | 35.6 |//31.3) | 33.9) | 3652 | 31.2 | 3358)/)35.4 | a2 san inadue ages 
31.9 | 34.7 | 81.0-] 32.8 | 35.4 | 31.2 | 33.8 | 36.2 | 31.1 | 33.6 } 35.3 | 32.0) Baia 8722 
32.6 | 35.0 | 32.7 | 33.4 | 35.8 | 31.6 | 34.2 | 36.4 | 31.7 | 34.0 | 35.6 ! 32.4 | 34.6 | 37.3 
$2.3 | 34.7 | 31.4 | 33.0 | 35.4 | 31.2) 33.7 | 36.2 | 8-2 133.6 | 36.2 olor ede anita 
33.6 | 35.8 | 33.4 | 34.6 | 36.6 | 32.2 | 34.8 | 36.8 | 32.4 | 34.6 | 36.1 | 32.8 | 34.9 | 37.7 
33.3 | 35.7 | 33.2 | 34.3 | 36.4 | 32.0 | 34.5 | 36.6 | 32.2 | 34.4 | 35.7 | 32.8 | 34.8 | 37.5 
34.0 | 36.0 | 33.2 | 34.8 | 36.8 | 32.3 | 34.9 | 36.9 | 32.7 | 34.9 | 36.4 | 32.9 | 34.9 | 37.7 
33.5 | 35.7 | 33.1 | 34.6 | 36.5 | 32.2 | 34.7 | 36.6 | 32.5 | 34.8 | 36.1 | 32.8 | 34.8 | 37.4 
34.3 | 36.0 | 33.2 | 34.7 | 36.8 | 32.5 | 35.0 | 36.9 | 32.8 | 34.9 | 36.4 | 33.0 | 34.9 | 37.6 
$3.9'| 35.8" | 32.9 | 34.2) | 36.4 | 32.1 | 84.4 | 36.5 | 32.4 | 34.5 | 35.8 |) S257  Saebaiomee 
34.0 | 35.9 | 33.0 | 34.6 | 36.4 | 32.4 | 34.8 | 36.6 | 32.8 | 34.9 | 36.0 | 32.9 34.8 | 37.4 
34.0 | 35.8 | 32.9 | 34.4 | 36.4 | 32.3 | 34.7 | 36.4 || 3237 | 84.8 |:35.9) | 82285 saves 
33.8 | 35.8 | 32.0 | 33.7 | 36.3 | 32.0 | 34.6 | 36.1 | 32.5 | 34.7 | 35.8 | 32.4 | 34.3 | 36.9 
32.3 | 34.9 | 31.4 | 383.1 | 35.5 | 31.4 | 33.8 | 35.7 | 31.8 | 34.0°) 35.2 |) S18 eareaeoeee 
32.9 | 34.9 | 31.3 | 33.0 | 35.2 | 31.2 | 33.7 | 35.8 | 31.4 | 33.7 | 35.0 | 31.6 | 33.8 | 36.3 
32.5: | 34.5°] 3121.)| 32.7 | 35:0) | 31.0) | 33.3! | 35.4 || 31.3) 33.4 | 3520) | Slizs|\sseraiesose 
33.2 | 35.2 | 31.8 | 33.1 | 35.7 | 31.6 | 34.2 | 35.9 | 31.9 | 34.1 | 35.5 | 32.2 | 34.1 | 36.6 
32.9 | °34.9'| 31.2 | 32.8 |'35.2)|>31.2 133.7 | 385.7 |) 31.41) 33.7 | 35-0 | Si enlpoacemegons 
33.7 | 35.5 | 32.3 | 33.8 | 35.9 | 32.1 | 34.4 | 36.3 | 32.5 | 34.4 | 35.8 | 32.7 | 34.5 || 37.0 
33.2 | 35.1 | 31.7 | 33.2 | 35.7-| 81.8 | 34.1 | 86.0) | 32.1.1°34.2: | 35.6) | 82.1) | Sanieiseers 
33.5 | 35.5 | 31.9 | 33.4 | 35.8 | 32.0 | 34.3 | 36.2 | 32.4 | 34.3 | 35.8 | 32.5 | 34.3 | 36.9 
32.3 | 34.6 | 31.0 | 32.7 | 34.9 | 31.1 | 33.4 | 35.1 | 31.2 | 33.6 | 35.0} 31.7 | 83.5) 36:2 
33.2 | 35.1 | 32:6 | 33.2 | 35.3) 31.7 | 33.9) | 35.7 || 32.1 || 34.1 35.7 | S20) 9338 sere 
32.9 | 34.9 | 31.6 | 32.9 | 35.1 | 31.2 | 33.4 | 35.3 | 31.4 | 33.6 | 35.0 | 31.7 | 88.3 |) 3622 
33.0 | 34.8 | 31.9 | 33.2 | 35.1 | 31.4 | 33.7 | 35.6 | 31.9 | 33.8 | 35.1 | 31.9 | 33.7 |) 36.3 
32.9 | 34.7 | 31.6 | 32.9 | 35.0 | 31.2 | 33.4 | 85.2 | 81.7 | 38.4 | 34.8 | 31.4 | 83.8 | 35.9 
35.08} 37.08) 34.15) 35.42) 37.58) 33.80) 36.05] 37.89) 34.06) 36.02) 37.34) 34.12) 35.93] 38.54 
34.34] 36.55] 32.98) 34.65] 37.07) 33.12] 35.51) 37.48) 33.27) 35.49] 36.90) 33.58) 35.51) 38.18 
0.74) 0.53) 1.17) 0.77); 0.51) 0.68} 0.54) 0.41) 0.79) 0.53! 0.44) 0.54) 0.42) 0.36 
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TABLE 40.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, JANUARY, 1913. 
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Peat. 
12” 


33.2 
33.1 


33.4 
33.1 


33.8 
33.6 


33.8 
33.4 


33.5 
32.8 


34.2 
33.7 


34.1 
34.1 


32.8 
32.8 


33.4 
33.1 


33.4 
33.1 


33.7 
33.3 


34.0 
33.2 


33.3 
33.2 


33.7 
33.6 


33.4 
33.3 


33.6 
33.1 


34.0 
33.2 


33.8 
33.2 


33.7 
33.1 


33.4 
33.2 


33.7 
33.2 


33.6 
33.2 


33.2 
33.0 


33.3 
33.0 


33.3 
33.2 


Date— | Gravel. | Sand. Loam. Clay. 
Maximum, | 
a ee eS ea ra 
i Me. 31.7 | 32.9 | 34.3 | 31.6 | 32.9 | 34.9 | 31.2 | 33.3 | 35.0 | 31.6 | 33.6 

Min. ...| 31.6 | 32.6 | 34.2 | 31.5 | 32.8 | 84.8 | 31.1] 33.1) 34.9 | 31.5 | 33.2 

| | | 
» { Max....| 31.9 | 32.9 | 34.4 | 31.8 | 33.1 | 35.2 | 31.3 | 33.6 | 35.2 | 31.9 | 33.7 
“\Min....| 31.7 | 32.8 | 34.2 | 31.6 | 32.8 | 34.8 | 31.0 | 33.0 | 34.8 | 31.3 | 33.2 
3 {Max....| 32.7 | 33.3 | 35.0 | 32.4 | 33.7 | 35.4 | 31.7 | 33.8 | 35.5 | 32.4 | 34.1 

\Min..../ 32.0] 38.1 | 34.9 | 31.8 | 83.3 | 35.3 81.3 | 83.4 | 35.2 | 32.1 | 33.8 
4{Max....| 32.7 | 33.4.) 35.0 | 32.4 | 33.7 | 35.4 | 31.8 | 33.9 | 35.6 (32.3 | 34.2 

{ Min... .| 32.2 | 33.2 | 34.8 | 32.0 | 33.4 | 35.2 | 31.4 | 33.7 | 35.2 | 32.1 | 33.8 
g{Max....| 31.7 | 32.8 | 34.7 | 31.6 | 33.0 | 34.9 | 31.3 | 33.3 | 35.2 | 31.7 | 33.6 

Min....| 31.3 | 32.5 | 34.0 | 31.3 | 32.6 | 34.6 | 30.9 | 33.1 | 35.0 | 31.3 | 33.2 
| | | | | 
7{ Max....| 32.7 | 33.6 | 35.2 | 32.6 | 33.8 | 35.6 | 31.8 | 34.2 | 35.7 | 32.5 | 34.3 
Min... .| 32.2 | 33.2 | 34.9 | 32.4 | 33.2 | 35.2 | 31.5 | 33.7 | 35.5 | 32.1 | 33.8 
g{Max....| 32.7 | 33.6 | 35.1 | 32.5 | 33.8 | 35.7 | 31.8 | 34.1 | 35.8 | 32.4 | 34.2 
Min....| 32.7 | 38.6 | 35.1 | 32.5 | 33.8 | 35.7 | 31.8 | 34.1 | 35.8 | 32.4 | 34.2 
g{Max....| 31.9 | 33.2 | 34.4 | 31.7 | 33.0 | 35.0 | 31.3 | 33.4 | 35.1 | 31.8 | 33.3 
Min 31.7 | 32.7 | 34.3 | 31.6 | 32.8 | 34.7 | 31.1 | 33.2 | 34.8 | 31.4 | 33.3 
io { Max...) 32.2 | 33.2 | 34.8 | 32.2 | 33.1 | 35.1 | 31.7 | 33.7 | 35.3 | 32.1 | 33.6 
Min 31.8 | 32.8 | 34.2 | 31.5 | 32.9 | 34.7 | 31.2 | 33.2 | 34.8 | 31.5 | 33.1 
11 (Max....| 32.2 | 33.1 | 34.5 | 31.9 | 33.1 | 35.0 | 31.3 | 33.3 | 35.0 | 31.9 | 33.5 
Min... .| 32.1 | 33.0 | 34.4 | 31.7 | 33.0 | 34.9 | 31.3 | 33.3 | 34.9 | 31.8 | 33.3 
13 { Max....| 32.7 | 33.7 | 34.9 | 32.2 | 33.7 | 35.2 | 31.9 | 33.9 | 35.2 | 32.1 | 33.9 
Min. ...| 32.3 | 33.4 | 34.9 | 32.1 | 33.3 | 35.2 | 31.4 | 33.8 | 35.1 | 32.1 | 33.8 
14 { Max | 33.0 | 33.8 | 35.3 32.4 | 33.8) 35.6 31.9 | 33.9 | 35.2 | 32.3 | 34.1 

\ Min 32.2 | 33.1 | 34.6 | 32.1 | 33.3 | 34.9 | 31.2 | 33.3 | 34.9 | 31.8 | 33.4 
15 { Max....| 32.8 | 33.7 | 35.1 | 32.3 | 33.6 | 35.1 | 31.7 | 33.7 | 35.2 | 32.2 | 33.9 
°\ Min 32.5 | 33.2 | 34.8 | 32.1 | 33.4 | 35.0 | 31.3 | 33.5 | 35.1 | 31.9 | 33.8 

1g { Max....| 3.7 | 33.6 | 34.9 | 32.2 | 33.0 | 34.3 | 31.9 | 33.8 | 35.3 | 32.2 | 33.9 
Min. ...| 32.6 | 33.4 | 34.8 | 32.0 | 32.9 | 34.2 | 31.7 | 33.7 | 35.0 | 39.0 | 33.8 

17 { Max....| 32.4 | 33.7 | 35.0 | 32.1 | 34.0 | 34.8 | 32.0 | 33.9 | 35.1 | 32.3 | 34.0 
Min....| 32.3 | 33.2 | 34.8 | 32.0 | 33.9 | 34.7 | 31.8 | 33.6 | 34.9 | 32.1 | 33.8 

1g { Max....| 32.4 | 33.9 | 35.0 | 32.3 | 33.8 | 35.1 | 31.9 | 33.8 | 35.3 |,32.2 | 34.1 
\ Min. ...| 32.1 | 33.7 | 34.6 | 32.0 | 33.5 | 34.8 | 31.8 | 33.4 | 35.0 | 32.1 | 33.9 
og { Max....| 33.3 | 34.4 | 35.5 | 33.7 | 34.4 | 35.8 | 32.6 | 34.2 | 35.9 | 33.0 | 34.4 
Min. ...| 32.5 | 33.3 | 34.5 | 32.4 | 33.6 | 35.1 | 31.7 | 33.3 | 34.9 | 32.3 | 33.7 

21 { Max .| 33.8 | 34.3 35.8 | 33.3 34.3 35.9 | 32.6 | 34.3 35.8 | 33.0 | 34.4 
Min...../ 83.0 | 33.9 | 35.1 | 33.2 34.1 35.2 | 82.0 | 33.9 | 35.3 | 32.7 | 341 

oo { Max....| 33.6 | 34.3 | 35.7 | 33.5 | 34.6 | 35.7 | 32.2 | 34.2 | 35.8 | 33.0 | 34.3 
7) Min 33.0 | 33.9 | 34.9 | 32.9 | 33.8 | 35.1 | 31.7 | 33.4 | 35.0 | 32.4 | 33.8 
93 { Max....| 33.3 | 34.2 | 35.6 | 33.2 | 34.2 | 35.6 | 32.1 | 33.9 | 35.3 | 32.8 | 34.3 
Min 33.0 | 34.0 | 35.2 | 82.9 34.0 | 35.3 | 81.9 | 33.7 | 35.1 | 32.8 | 34.0 

94 Max....| 33.3 | 34.2 | 35.6 | 33.1 | 34.1 | 35.5 | 32.2 | 34.1 | 35.4 | 33.0 | 34.6 
Min 33.0 | 33.8 | 35.1 | 32.9 | 33.9 | 35.1 | 31.8 | 33.7 | 35.1 | 32.6 | 33.9 

os { Max....| 33.3 | 34.2 | 35.5 | 33.2 | 34.1 | 35.7 | 32.1 | 34.1 | 35.4 | 33.1 | 34.4 
Min 33.2 | 34.0 35.1 | 33.0 | 34.0 | 35.3 | 32.0 | 33.9 | 35.3 | 32.7 | 33.9 

97 { Max....| 33.3 | 34.0 | 35.3 | 33.0 | 34.0 | 35.2 | 31.9 | 34.0 | 35.1 | 32.9 | 34.1 
Min 33.0 | 33.8 | 35.0 | 32.7 | 83.9 | 35.1 | 31.0 | 33.9 | 35.0 | 32.7 | 33.9 

za Max 32.7 | 33.6 | 35.1 | 32.1 | 33.7 | 35.1 | 32.2 | 34.0 | 35.3 | 32.9 | 34.3 
Min 32.2 | 33.2 | 34.8 | 31.7 | 33.1 | 34.9 | 31.7 | 33.5 | 34.9 | 32.3 | 33.8 

o9 { Max....| 31.6 | 33.2 | 35.1 | 30.2 | 33.0 | 35.1 | 31.8 | 34.0 | 35.3 | 32.2 | 34.1 
\ Min 30.9 | 32.7 | 34.3 | 29.1 | 32.3 | 34.4 | 31.2 | 33.7 | 35.0 | 31.8 | 33.8 
30 { Max 31.2 | 32.4 | 34.2 | 31.1 | 32.2 | 34.3 | 31.2 | 33.3 | 34.9 | 31.4 | 33.3 
Min 30.8 | 32.0 | 33.9 | 30.3 | 32.0 | 34.1 | 30.9 | 33.0 | 34.7 | 31.2 | 33.1 
a 31.8 | 32.8 | 34.0) 31.5 | 32.3 | 34.1 | 31.3 | 33.3 | 34.9 | 31.9 | 33.3 
Min 31.5 | 32.3 | 33.9 | 31.1 | 32.0 | 33.8 | 31.0 | 33.1 | 34.6 | 31.4 | 33.0 

Base | eae Bea (eit Died 

{Max..| 32.58) 33.56 35.00 32.30 33.56 35.19) 31.80) 33.81) 35.33) 32.34) 33.98 
Ave. Min. | 32.20| 33.20 34.64 31.94) 33.24 34.89 31.47| 33.49] 35.03| 32.01| 33.64 
{Range} 0.38} 0.36 0.33} 0.32} 0.30| 0.33| 0.34 


0.36 0.36) 
| | 


0.32) 0.30 


35.08 
34.78 


0.30; 0.31 
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TABLE 41.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, FEBRUARY, 1913. 


Gravel. 


Sand. Loam. 
Maximum, 
minimum. | g” | 12°.| 18" | 6” |.12" | 18” | 6” | 12” 
"y(Max....| 30.0 | 32.7 | 34.2 | 31.7 | 32.9 | 34.3 | 31.3 | 33.3 
\ Min... .| 29.1 | 31.9 | 34.1 | 30.0 | 32.7 | 34.3 | 30.8 | 33.2 
3 (Max... 30.0 | 31.0 | 33.4 | 30.0 | 31.3 | 33.8 | 29.8 | 32.9 
3{ Min....| 27.7 | 29.9 | 32.9 | 26.2 | 30.7 | 33.4 | 28.9 | 32.2 
g(Max....| 28.7 30.3 | 33.2 | 27.3 | 30.8 | 33.8 | 29.2 | 32.8 
| Min....| 27.0! 30.0 | 33.1 | 25.0 | 30.3 | 33.5 | 28.8 | 32.7 
5 {Max....| 25.8 28.5 | 32.8 | 22.9 | 28.5 | 33.2 | 26.9 | 32.1 
| Min....| 23.3 | 27.3 | 32.4 | 19.9 | 27.8 | 33.0 | 25.8 | 31.9 
| 
g (Max...) 24.7 | 27.0 | 32.1 | 22.2 | 27.0 | 33.0 | 25.8 | 31.8 
\ Min..::| 22:1 | 25.6 | 31.8 | 18.3 | 26.0 | 32.3 | 23.9 | 31.2 
| 
.{Max....| 26.9 | 28.1 | 31.8 | 25.3 | 28.8 | 32.8 | 26.7 | 31.4 
7\ Min... .| 25.0 | 27.3 | 31.7 | 22.8 | 27.4 | 32.7 | 25.3 | 31.2 
} | 
g{Max....| 27.9 | 28.6 | 31.3 | 28.0 | 29.3 | 32.2 | 27.2 | 31.1 
Min... .| 25.8 | 28.0 | 31.1 | 24.0 | 28.3 | 32.0 | 25.9 | 30.7 
10 { Max... 27.7 | 28.1 | 31.6 | 28.1 | 28.7 | 32.4 | 26.8 | 30.8 
Min. ...| 24.1 | 26.2 | 30.9 | 21.8 | 27.0 | 31.6 | 24.8 | 30.1 
11 { Max....| 28.9 | 29.7 | 31.0 | 29.2 | 30.0 31.3 28.0 | 30.0 
Min....| 27.2 | 28.3 | 30.2 | 27.8 | 28.9 | 31.1 | 27.1 | 29.8 
12 { Max... 25.9 27.4 | 31.0 | 24.2 | 28.0 | 32.0 | 26.1 | 30.2 
Min... .| 23.3 | 26.3 | 30.9 | 21.0 | 27.2 | 31.2 | 24.9 | 30.0 
13 { Max....| 25.0 | 26.3 | 30.9 | 23.3 | 26.7 31.2 | 24.8 | 29.9 
3{ Min....| 21.1 | 24.2 | 30.2 | 17.3 | 25.1 | 30.7 | 22.3 | 29.2 
14{Max....| 27.7 | 27.8 | 30.4 | 28.1 | 28.2 | 31.0 | 26.1 | 29.2 
Min. ...| 22.9 | 25.8 | 30.1 | 20.1 | 26.7 | 30.7 | 24.0 | 28.9 
15 (Max... 29.2) 29.8 | 30.9 29.8 | 30.0 / 31.2 | 28.2 | 29.8 
\ Min... .| 28-9 | 29.4 | 30.4 | 28.6 | 29.9 | 30.9 | 27.7 | 29.4 
7 Max..../ 29.9 30.2 | 31.2 | 29.9 | 30.3 | 31.2 | 28.8 | 30.1 
Min. ...| 29.0 | 29.9 | 31.0 | 28.4 | 29.9 | 31.2 | 28.3 | 30.0 
if exes) 29.7 | 29.9, 31.2 | 29.8 | 30.1 | 31.3 | 28.2 | 30.0 
\ Min. ...| 27.1 | 28.9 | 30.9 | 25.8 | 28.7 | 31.2 | 27.7 | 29.9 
19 { Max....| 30.8 | 30.9 | 31.3 | 30.9 31.2 | 31.7 | 29.4 | 30.3 
{ Min....| 30.2 | 30.4 | 30.9 | 30.4 | 30.8 | 31.2 | 29.0 | 29.9 
op { Max....| 31-9 | 31.7 | 31.7 | 31.7 | 31.9 32.0 30.1 | 31.1 
| Min 31.3 | 31.3 | 31.2 | 31.2 | 31.3 | 31.3 | 29.8 | 30.8 
ay { Max | 32.4 | 32.9 | 32.3 | 32.1 | 32.5 | 32.5 | 31.1 | 31.7 | 
Min....| 32.0 | 32.1 | 32.1 | 31.9 | 32.0 | 32.2 | 30.8 | 31.4 | 
99 | Max 31.9 | 32.1 | 32.6 | 32.0 | 32.3 | 32.2 ! 31.0 | 31.6 
{ Min 31.8 | 31.8 | 31.7 | 31.3 | 31.7 | 31.8 | 30.3 | 31.0 
o4 { Max....| 32.0 | 32.1 | 32.1 | 31.8 | 32.0 | 32.2 | 31.0 | 31.3 
Min 32.0 | 31.9 | 32.0 | 31.7 | 32.0 | 32.1 | 31.0 | 31.3 
os { Max 31.9 | 32.1 | 32.1 | 31.9 | 32.2 | 32.3 | 31.1 | 31.6 
| Min. ...| 31.2 | 31.6 | 31.3 | 31.1 | 31.3 | 31.6 | 30.3 | 30.6 
| 
ag { Max 31.7 | 31.8 | 31.8 | 31.4 | 31.7 | 32.0 | 30.6 | 31.2 
Min... .| 31.5 | 31.7 | 31.7 | 31.2 | 31.4 | 31.9 | 30.4 | 31.0 
97 { Max....| 31.9 | 32.0 | 32.3 | 31.9 | 32.3 | 32.8 | 31.1 | 31.7 
Min... .| 31.3 | 31.6 | 31.6 | 31.0 | 31.2 | 31.8 | 30.1 | 30.9 
| 
og | Max 31.9 | 32.2 | 32.0 | 31.7 | 31.9 | 32.3 | 30.7 | 31.3 
{Mine 22] 31:6: S807 "| 31.79) :31.3°| St.7-) B1-9-) B03. Bid 
Max..| 29.35! 30.13| 31.88) 28.97 30.36 32.28) 28.75] 31.13 
Ave.{ Min. .| 27.77, 29.30| 31.50 26.59 29.58 31.90, 27.84) 30.77 
(Dif...| 1.88 0.€3 0.38 2.38 0.78, 0.38 0.91) 0.36 
U | 
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Peat. 
6” 12”. 18% 
30.0 | 33.2 | 35.3 
29.4 | 33.0 | 35.2 
29.6 | 32.7 | 35.2 
27.2 | 32.2 | 34.8 
28.0 | 32.8 | 35.1 
27.0 | 32.8 |°35.0 
25.0 | 32.2 | 34.8 
23.1 | 31.9 | 34.4 
23.3 | 32.0 | 34.6 
21.0.) 31.4 | 34.3 
25.1 | 31.8 | 34.6 
23.3 | 31.4 | 34.3 
26.8 | 31.4 | 34.2 
24.4 | 31.0 | 33.9 
26.3 | 31.1 | 34.0 
22.9 | 30.2 | 33.3 
28.2 | 30.4 | 33.3 
27.3 | 29.8 | 32.8 
24.0 | 30.0 | 33.7 
22.2 | 29.8 | 33.0 
23.0 | 28.8 | 33.3 
19.1 | 28.0 | 32.9 
25.9 | 28.1 | 32.9 
21.8 | 27.9 | 32.3 
28.5 | 29.3 | 32.8 
27.7 | 29.0 | 32.0 
28.9 | 29.8 | 32.5 
27.9 | 29.7 | 32.0 
28.4 | 29.9 | 32.3 
26.2 | 29.3 | 32.2 
30.6 | 30.6 | 32.7 
29.8 | 29.8 | 32.2 
30.9 | 30.9 | 32.5 
30.3 | 30.1 | 32.2 
31.7 | 31.3) |e33s1 
32).2 | Slat | a2en 
31.9 | 31-3 | 33:2 
30.9 | 30.8 | 32.4 
31.4 | 31.2 | 32.9 
31.3 | 31.1 | 32.8 
31.6 | 31.3 | 32.9 
30.7 | 30.7 | 32.4 
31.3 | 31.1 | 32.6 
31.2) | BION we2re 
31.8 | 31.4 | 33.0 
30.8 | 30.7 | 32.9 
31.3) sleealnooeu 
30.9 | 30.8 | 31.9 
28.48) 30.99 33.51 
26.98 30.56 33.09 
1.50| 0.43 0.42 
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TABLE 42.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT WITH 
SAND, MARCH, 1913. 


Date— Gravel. | Sand. Loam. Clay. Peat. 
Maximum, | 
Tainimum. 6” 12 18” 6” 27 Fie 6” 12’ 18” 6” Zee 6’ Te 82 
,{Max....| 31.6 | 31.8 | 31.9 | 31.6 | 31.7 | 32.2 | 30.2 | 31.1 | 31.8 | 30.7 | 31.5 | 31.6 | 31.1 | 31.0 | 32.4 
Mines. sled 38.6 | 31.7 |-3l.2 } 31.6 |°32.0'| 30:1 |} 31:0) 31.7 | 30:4 |-3_ 131.4 |30°8: | 30577) 3281 
3 Max.. 31.7 | 31.8 | 31.9 | 30.9 | 31.7 | 32.3 | 30.0 | 31.2 | 31.8 | 30.3 | 31.2 | 31.7 | 30.2 | 30.9 | 32:4 
Min....| 31.4 | 31.7 | 31.8 | 30.8 | 31.6 | 32.1 ' 30.0 | 31.0 | 31.7 | 30.2 | 31.0 | 31.4 30.0 | 30.8 | 32.3 
g{ Max....| 31.8 | 32.0 | 32.3 | 31.3 | 31.9 | 32.7 | 30.5 | 31.6 | 32.3 | 31.0 | 31.6 32.0 | 30.7 | 31.2 | 32.8 
Min -| 3L.7 | 31.9 | 32-1 | 31.1 | 31.6 | 32.2 | 30.4 | 31.3 | 32.1 | 30.7 | 31.4 | 31.8 | 30:4 | 31.0 | 32.6 
| 
5 Max....| 32.2 | 32.4 | 32.8 | 31.0 | 31.9 | 32.9 | 30.3 | 31.4 | 32.2 | 30.9 | 31.6 | 31.9 | 30.3 31.1 | 32.7 
Min a 31.4 | 31.8 | 32.0 | 30.6 | 31.6 32.3 | 29.9 | 31.1 | 31.9 | 30.4 | 31.1 | 31.6 | 30.0 30.8 |-32.4 
Gee 31.8 | 32.0 | 32.4 | Sete S- 9), S229) o0sa-at.3)| 52-1 | 30:7, | 31.6 | 31.9 | 30.3 | 31.0 32.8 
Min=....}/ 31.3 | 38.7 | 31.9 | 30.7 | 31.4 | 32.4 | 29.9 | 31.0) 31.7 | 30.2 | 31.1 | 31.6.) 29.8 | 30:6 | 32.4 
7 Maxe--- | 3.9 132215) 3257 1-31.00) 3129!1''32.9)) 30:2.) 31-4.) $2.3.) 30:7.) 31.7 | 32.2-41°29.9 | 3121 3229 
Mircec|nol. Du OL, 00) o2-20) 30,45) ol.6 | sae0n|p 2929 I Slot 3220) | 3022 | 30.3 | 31.8 | 29.0 | 30.8 | 32.5 
g { Max... 31.7 | 32.2 | 32.7 | 30.8 | 31.7 | 32-7 |. 30.0) 31-3))) 32-3.) 30-3.) 31.6 | 32.1 | 29.0 | 30.9 | 32.9 
{ Min... 3L.3' [3129 | 32:4 | 30.3 )-31-3 | 3207) 29.8 | 3t.2 | 32.0.1 30.1 | Beales 9) e285 9u lara lena 
| | 
10 Max S1eOU Seed | o2e6 Holes) Coal Glee oO ral alee | 32.3 | 31.3 | 31.7 | 32.0 | 31.0 | 31.1 | 32.9 
Min 31.6 | 31.9 | 32.4 | 31.4 | 31.9 | 32.3 | 30.5 | 31.2 | 32.0 | 31.1 | 31.4 | 31.9 | 30.9 | 31.0 | 32.6 
i { Max....| 32.0 | 32.5 | 32.9 | 32.0 | 32.3 | 32.9 | 31.0 | 31.9 | 32.7 | 31.7 | 31.9 | 32.2 | 31.5 | 31.3 | 33.0 
\ Min -| 31.6 | 31.7 | 32.2 | 31.3 | 31.6 | 32.0 | 30.2 | 31.0 | 31.9 | 31.1 | 31.4 | 32.0 | 31.0 | 30.9 | 32.7 
ia .| 32.7 | 32.8 | 33.1 | 32.2 | 32.6 | 33.1 | 31.2 | 31.9 | 32.9 | 31.8 | 32.1 | 32.7 | 31.9 Sit Wnases 
Min -| 32.0°| 32.1 | 32.9 31.9 |, 32.1 | 32.5 | 30:9 | 31.7 | 32.6 | 31.4 | 31.9 | 32.3 | 31.4 31.4 | 32.9 
13 { Mix .| 32.7 | 32.9 | 33.0 | 32.0 | 32.5 | 33.0 | 31.3 | 31.8 | 32.7 | 31.9 | 32.0 | 32.7 | 31.8 | 31.5 | 33.0 
“\ Min -| 32.0 | 32.4 | 32.8 | 31.8 | 32.1 | 32.8 | 30.9 | 31.6-| 32.4 | 31.7 | 31.9 32.6 | 31.6 31.4 | 32.9 
15 Max....| 33.7 | 32.7 | 33.2 | 33.4 | 32.6 | 33.3 | 32.1 | 32.1 | 32.9 | 33.0 | 32.4 | 32.9 | 32.4 | 31.9 | 33.3 
Mine ede ooLocen| se.k pioenOll oo0) lider taleipt aie Sieg IN G0Lo | SIRO STeO) Seo sot | 31.4 | 32.9 
17 Max. 2) 322001 322601 33-0) 131 85les2egi) 33-291 Sle8 We Se9)| S2-Guh S2esul 3253) )) Sacral o2e4 | 31.8 | 33.2 
Min Aakeo |oaack olay look. k! Sloot deeo) Ble tel clade | ozone | ol OW aL Salmasee oles a) shes: | sees 
18 Max....| 32:7 | 32.3 | 32.8 | 33.8 | 32.1 | 32.9 | 31.6 | 31.8 | 32.3 | 32.0 | 31.9 | 32.3 | 31.9 | 31.6 | 32.9 
Min eJroleg | o2.2 | B22¢ | B18 | ol.9) ) S227 | 31e3" |) 3h.4 | 32.2 | 31.9 | 31.8 | 32.0 | 31.7 | 31.1 | 32.7 
19 { Mx -! 44.7 | 35.9 | 33.2 | 46.0 | 36.0 | 33.20) 30-4) |23128),) 32.5 36.1 | 32.6 | 32.9 | 32.4 | 31.9 | 33.3 
Min 32.1 | 32.7 | 32.7 | 32.1 | 32.4 | 32.8 | 31.3 | 31.3 | 32.0 | 31.9 | 31.7 KOoeo loievalbeatus 32.7 
| | } | | 
99 { Max | 44.7 | 39.2 | 35.4 | 45.8 | 39.4 | 35.9 | 37.5 | 32.0 | 32.8 | 39.7 | 32.7 | 32.8 | 32.3 | 31.8 | 33.1 
\-Min -| 40.9 | 37.1 | 34.8 | 40.9 | 37.1 | 34.9 | 34.7 | 31.8 | 32.6 | 36.3 | 31.9 | 32.6 |.32.0 | 31.4 | 33.0 
| | 
an{ Wax .| 37.9 | 36.6 | 35.8 | 38.2 | 36.6 | 36.1 | 34.8 | 32.2 32.9 | 35.9 | 32.4 | 32.8 | 32.3 | 32.1 | 33.4 
Min .| 34.7 |-36.0 35.6 | 34.8 | 35.8 | 35.6 | 32.7 | 31.9 | 32.7 | 34.0 | 32.3 | 32.7 | 32.1 | 31.8 | 33.2 
22 | Max -| 35.0 | 34.2 | 34.8 | 35.7 | 34.4 | 35.1 | 32.4 | 32.2 | 33.1 | 33.9 | 32.6 | 32.9 | 32.6 | 32.1 | 33.6 
Min .| 82.9 | 33.9 | 34.3 | 32.4 | 33.7 | 34.2 | 31.9 | 32.0 32.8 | 32.6 | 32.2 | 32.7 | 32.0 | 31.8 | 32.9 
2a { Max -| 48.9 | 41.7 | 36.9 | 48.0 | 40.3 | 36.7 | 42.1 | 31.7 | 32.7 | 43.0 | 32.2 | 32.9 | 32.1 31.8 | 33.3 
Min .| 44.2 | 37.8 | 34.7 | 44.6 | 37.1 | 34.7 | 39.8 | 31.5 | 32.0 | 40.9 | 31.9 | 32.2 | 31.8 | 31.5 | 32.9 
25{ Man .| 36.3 | 38.6 | 38.0 | 36.1 | 38.4 | 37.8 | 34.1 | 32.0 | 33.0 | 36.1 | 32.7 | 32.8 | 32.1 |. 31.9 | 33.2 
Min -| 34.3 | 36.4 | 37.2 | 34.2 | 36.4 | 37.0 | 32.2 | 31.8 | 32.8 | 33:8 | 32:6 | 32.7 | 31.9 | 31.5 | 33.1 
| | 
26{ Ma 1) 33.2) | 35-7 (3653 |92.9))| 35.29) 3652") 3fe2 | 31-9) 133-0) | 32-9! |) .33-2)) 33-6) 3ter| Sie31e32:9 
Min....) 32.4 | 34.2 | 35.2 | 31.9 | 34.1 | 35.2 | 31.2 | 31.3 ; 32.6 | 32.1 | 32.7 | 32.9 | 31.6 | 31.1 | 32.8 
27 { Mas .| 33-3 | 34.8 39.8 | 32.9 | 34.7 1 35.7-| 31.8 | 317-9) | 33:3 | 32:8-|| 33-3 '°33.7 | 32:1) 317°) 33:3 
Min .| 32.1 | 33.7 | 34.4 | 31.8 | 33.4 | 34.7 | 31.0 | 31.2 | 32.3 | 31.8 | 32.6 | 33.0 | 31.3 | 30.9 | 32.9 
28 { Mon .|-33.0 | 34.2 | 35.1 | 32.7 | 34.1 | 35.0 | 31.7 | 31.9 33.2 | 32.8 | 33.4 | 33.9 | 32.1 | 32.1 | 33.6 
Min -| 32.6 | 33.8 | 34.7 | 32.1 | 33:6.) 34.7 | 31.2 | 31.4 | 32.7 | 32:2) | 32.9 | 33.1 | 31.3 | 30.7 | 32:8 
29{ Ma .) 32.9 | 34.1 | 34.9 | 32.6 | 33.9 | 34.7 | 31.6 | 32.3 | 33.3 | 32.9 | 33.8 | 34.1 | 32.2 | 31.8 | 33.4 
Min | 32.2 | 33.2] 34.1 | 31.7 | 33.1 | 33.8 | 30.2 | 31.7 | 32.9 | 32.5 | 33.4 | 33.6 |.31.9-4 31.7 | 33.3 
31 { Max .| 44.3 j 40.2 | 37.8 | 44.7 | 39.8 | 37.2 | 41.1 | 31.3 | 33.0 | 42.3 | 37.2 | 36.0 | 32.2 | 31.4 | 33.3 
\ Min -| 41.2 | 39.2 | 37.7 | 40.4 | 38.4 | 36.9 | 38.8 | 31.1 | 32.4 | 40.6 | 36.8 | 35.3 | 31.6 | 30.8 | 32.4 
eae | 34.98 34.30) 34.06) 34.81) 34.08) 34.13) 32.61) 31.73) 32.65, 33.48! 33.45) 32.77) 31.54) 31.52) 33.08 
Ave. }Min.. 33.29! 33.41] 33.52| 32.91) 33.17) 33.54 31.66) 31.40| 32.26) 32.49) 32.05 32.39) 31.14| 31.13) 32.74 
( Range | 1.69| 0.29) 0.54) 1.90) 0.91) 0.59} 0.95) 0.33} 0.39} 0.99) 0.40! 0.38} 0.40) 0.38 0.34 
. | 
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TABLE 43.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, APRIL, 1913. 

Date— Gravel Sand. Loam. Clay. Peat. 
Maximum, 4 = ap awes 
minimum. 6" | 12" | 18” 6” 12” 18” 6” 12” 1 198” 6” | 12” 18” 6" 12” 18” 
1 Max....| 46.7 | 42.2 | 39.4 | 47.7 | 42.1 | 39.2 | 42.7 | 33.9 | 34.9 | 43.7 | 38.8 | 37.8 | 32.8 | 32.5 | 34.6 

Min....! 38.9 | 39.0 | 38.7 | 37.9 | 38.5 | 38.7 | 35.0 | 32.1 | 34.5 | 37.8 | 38.3 | 37.7 | 32.2 | 31.6 | 33.6 
> { Max....) 41.8 | 40.7 | 39.8 | 41.t | 40.3 | 39.7 | 39.6 | 37.7 | 36.8 | 40.2 | 39.2 | 38.2 | 32.6 | 32.2 | 33.9 
“\ Min....| 39.4 | 40.0 | 39.3 | 38.9 | 39.6 | 38.9 | 37.7 | 36.8 | 35.7 | 38.9 | 38.7 | 37.8 | 32.2 | 31.8 | 33.7 
3 {Max....| 51.3 | 43.0 | 40.1 | 50.8 | 42.2 | 40.0 | 47.4 | 39.2 | 38.1 | 46.5 | 39.3 | 38.4 | 33.2 | 32.0 | 34.0 

Min....| 40.6 | 40.2 | 39.8 | 40.1 | 39.5 | 39.6 | 39.0 | 38.1 | 3778 | 39.9 | 38.8 | 38.0 | 32.8 | 31.6 | 33.9 
4 Max....| 52.9 | 47.2 | 43.8 | 52.0 | 46.8 | 44.0 | 51.0 | 43.8 | 40.5 | 50.3 | 44.2 | 41.4 | 35.4 | 32.7 | 34.9 

Min....| 47.8 | 46.7 | 42.0 | 47.1 | 45.2 | 41.6 | 48.8 | 42.4 | 39.2 | 48.9 | 42.5 | 40.2 | 34.6 | 31.7 | 34.0 
5 | Max....| 43.0 42.0 | 42.8 | 43.1 | 42.1 | 42.9 | 41.9 | 43.1 | 41.2 | 41.6 | 43.0 | 42.1 | 33.2 | 32.3 | 34.9 
“\ Min. ...|, 37.4 | 41.1 | 41.7 | 37.7 | 41.2 | 42.0 | 39.2 | 41.9 | 40.6 | 40.0 | 41.6 | 41.2 | 33.0 | 32.0 | 34.7 
~{Max.. .| 44.2 | 41.5 | 41.0 | 45.2 | 41.6 | 40.8 | 41.9 | 40.1 39.9 | 41.1 | 39.8 | 40.0 | 33.3 | 32.2 | 35.3 
"\ Min....] 36.3 | 38.6 | 40.0 | 36.1 | 39.0 | 40.1 | 36.1 | 39.4 | 39.7 | 36.3 | 39.0 | 39.4 | 33.0 | 31.8 ) 35.1 
8 { Max....| 48.0 | 42.1 | 40.3 | 48.6 | 41.4 | 40.6 | 43.3 | 39.8 | 39.8 | 42.7 | 39.2 | 39.6 | 33.2 | 32.1 | 35.8 

Min....} 35.1 | 38.8 | 39.6 | 35.1 | 38.4 | 39.9 | 36.0 | 39.0 | 39.3 | 36.1 | 38.7 | 39.3 | 32.6 | 31.7 | 35.1 
9 Max....| 42.1 | 40.4 | 40.6 | 42.2 | 40.4 | 40.4 | 39.0 | 39.6 39.2 | 39.5 | 39.5 | 39.0 | 33.1 | 31.9 | 35.2 

Min....| 37.9 | 39.6 | 40.0 | 37.8 | 39.6 | 39.1 | 36.6 | 38.9 | 39.0 | 37.4 | 89.0 | 38.9 | 32.3 | 81.4 | 35.0 

| 
10 { Max....| 44.9 | 41.0 | 40.2 | 44.7 | 41.0 | 40.4 | 42.4 | 39.2 | 39.3 | 42.2 | 39.2 | 39.2 | 33.9 | 31.9 | 35.2 
Min....| 39.2 | 39.9 | 40.0 | 38.9 | 39.8 | 40.1 | 37.8 |. 39.1 | 39.1 | 38.6 | 39.1 | 39.0 | 32.8 | 31.7 | 35.0 
1 {Max....| 43.2 | 42.7 | 41.3 | 43.1 | 42.5 | 41.2 | 42.8 | 41.0 | 39.8 | 42.9 |‘41.1 | 40.2 | 35.4 | 32.1 | 35.9 
{ Min... 43.0 | 42.2 | 41.2 | 42.8 | 41.9 | 41.0 | 42.2 | 40.7 | 39.4 | 42.6 | 40.9 | 40.0 | 34.7 | 31.8 | 35.0 
12 { Bets 41.4 | 41.2 | 41.1 | 41.2 | 41.1 | 41.0 ! 41.0 | 41.0 40.3 | 41.0 | 41.2 | 40.7 | 34.6 | 32.2 | 35.7 
“\ Min....} 40.1 | 41.1 | 40.9 | 39.6 | 40.8 | 40.8 | 40.0 | 40.7 | 40.1 | 40.6 | 40.8 | 40.3 | 34.0 | 31.8 | 35.2 
14 {Max....| 52.4 | 45.4 | 42.6 | 53.3 | 44.9 | 42.2 | 48.0) 42.0 41.0 | 47.0 | 41.9 | 41.3 | 35.4 | 32.2 | 36.3 
\ Min....] 38.8 | 42.0 | 41.8 | 38.2 | 41.3 | 41.7 | 39.3 | 41.3 | 40.7 | 39.9 | 41.2 | 41.0 | 34.7 | 31.7 | 36.1 
15 ‘met cte 57.2 | 46.3 | 42.7 | 57.7 | 45.4 | 42.7 | 51.8 | 42.2 | 41.2 | 49.7 | 42.1 | 41.8 | 36.1 | 32.4 | 36.8 
Min....| 37.5 | 42.0 | 42.0 | 37.3 | 41.8 | 42.0 | 38.3.| 41.9 | 41.1 | 39.1 | 41.3 | 41.4 | 34.9 | 32.3 | 36.1 
16, We ....| 59.1 | 48.9 | 44.1 | 58.8 | 47.8 | 43.9 | 53.8 | 43.4 | 41.8 | 52.3 | 43.7 | 42.2 | 37.3 | 32.3 | 37.0 
Min....| 43.0 | 44.7 | 43.3 | 42.1 | 44.1 | 43.0 | 42.2 | 42.9 | 41.1 | 42.8 | 42.9 | 41.9 | 36.0 | 32.1 | 36.3 
1 Nek: 61.2 | 50.5 | 45.7 | 60.3 | 48.8 | 45.0 | 55.9 | 44.7 | 43.0 | 54.3 | 45.0 | 43.7 | 38.0 | 32.7 | 37.7 
Min....| 42.9 | 46.1 | 44.8 ) 41.7 | 45.0 | 44.4 | 42.1 | 44.3 | 42.9 | 43.6 | 44.3 | 43.1 | 36.7 | 32.4 | 37.0 

| 
18 { Max....| 63.2 | 53.9 | 47.2 | 62.2 | 51.8 | 46.6 | 58.6 | 46.9 | 44.0 | 57.2 | 47.3 | 44.2 | 40.7 | 32.8 | 37.6 
Min....| 50.0 | 49.2 | 46.2 | 49.0 | 48.3 | 46.0 | 48.3 | 46.1 | 43.6 | 49.0 | 46.4 | 44.7 | 39.2 | 82.7 | 37.0 
104 Met 56.3 | 51.2 | 48.6 | 55.8 | 50.2 | 47.9 | 52.9 | 48.3 | 45.1 | 52.6 | 48.9 | 46.7 | 40.9 | 33.2 | 38.8 
Min....| 46.0 | 48.6 | 47.7 | 45.9 | 48.0 | 47.1 | 45.9 | 47.4 | 45.0 | 47.3 | 47.4 | 46.1 | 40.1 | 33.0 | 387.0 
1 { Max....| 53.9 | 48.0 | 46.8 | 53.2 | 47.3 | 46.1 | 50.6 | 46.0 | 45.0 | 49.8 | 46.3 | 45.9 | 41.7 | 40.0 | 41.7 
Min....| 41.0 | 45.1 | 45.7 | 40.1 | 44.9 | 45.3 | 40.7 | 45.4 | 44.9 | 42.0 | 45.4 | 44.9 | 40.3 | 38.4 | 41.2 
CY a 61.4 | 51.6 | 47.0 | 60.7 | 50.3 | 46.6 | 57.4 | 46.8 | 45.0 | 56.1 | 46.5 | 45.4 | 50.2 | 42.0 | 42.8 
Min....] 47.9 | 47.7 | 46.0 | 47.2 | 47.1 | 45.9 | 46.2 | 45.9 | 44.4 | 46.6 | 45.8 | 45.0 | 48.3 | 41.8 | 42.0 
a3 { Mex. ...| 68.3 | 56.9 | 50.3 | 68.9 | 56.0 | 49.8 | 63.9 | 50.9 | 46.8 | 62.3 | 50.9 | 48.4 | 53.7 | 46.0 | 44.4 
Min....| 54.3 | 52.3 | 48.9 | 53.3 | 51.0 | 48.0 | 53.6 | 48.8 | 45.7 | 53.3 | 48.9 | 46.8 | 50.0 | 44.0 | 43.7 
24 { Max 68.1 | 58.7 | 51.8 | 68.0 | 57.4 | 51.2 | 64.8.) 52.2 | 48.1 | 63.2 | 52.4 | 49.4 | 56.4 | 47.8 | 45.6 
Min....| 54.9 | 54.6 | 50.9 | 53.9 | 53.1 | 50.0 f 54.3 | 51.4 | 47.9 | 54.1 | 51.8 | 49.1 | 58.3 | 47.0 | 45.0 
5) Mek: 58.7 | 56.8 | 53.5 | 58.4 | 56.2 | 52.8 | 57.9 | 54.1 | 50.3 | 58.0 | 54.3 | 52.1 | 56.1 | 50.7 | 47.9 
Min....; 58.0 | 56.0 | 53.0 | 57.8 | 55.1 | 52.6 | 57.1 | 54.0 | 49.5 | 57.0 | 54.0 | 51.1 | 45.4 | 49.8 | 46.4 
26 { Mex ...-| 50.6 | 52.7 | 52.3 | 50.4 | 52.2 | 51.7 | 51.0 | 53.0 | 50.6 | 51.7 | 53.1 | 51.9 | 53.6 | 51-0) |°4807, 
Min....| 49.4 | 50.2 | 49.8 | 49.1 | 49.6 | 49.4 | 49.9 | 50.6 | 49.2 | 50.1; 50.6 | 49.9 | 51.1 | 49.9 | 47.8 
23 { RIES: -- 50.8 | 47.0 | 46.5 | 52.2 | 47.1 | 46.5 | 49.6 | 47.0 | 48.0 | 48.7 | 46.8 | 47.3 | 47.0 | 48.3 | 48.6 
Min....} 42.0 | 45.0 | 46.4 | 41.8 | 44.8 | 46.4 | 43.0 | 46.6 | 46.7 | 43.6 | 46.4 | 46.8 | 45.8 | 48.0 | 48.4 
29{ Max....| 58.6 | 49.6 | 46.6 | 60.0 | 49.6 | 46.9 | 54.3 | 46.9 | 46.8 | 52.2 | 46.6 | 46.9 | 48.5 | 47.9 | 48.2 
Min....| 41.2 | 45.2 | 46.0 | 40.8 | 45.4 | 46.2 | 41.8 | 46.1 | 46.2 | 42.5 | 46.0 | 46.2 | 45.6 | 47.3 | 47.6 
30 { Max....| 65.9 | 54.0 | 48.6 | 66.4 | 53.5 | 48.5 | 60.7 | 48.5 | 46.9 | 58.2 | 48.0 | 47.1 | 51.9 | 47.7 | 47.6 
\ Min....| 45.6 | 48.2 | 47.8 | 44.6 | 48.0 | 47.6 | 45.2 | 47.6 | 46.5 | 45.6 | 47.3 | 47.0 | 47.8 | 47.5 | 47.5 
Max. .| 53.28) 47.52) 44.80) 53.31) 46.92) 44.56) 50.16) 44.28) 42.82) 49.42) 44.55) 43.52) 40.70) 37.35) 39.43 
Ave. Min. .| 43.39) 44.77) 43.98) 42.86) 44.27) 43.75) 42.93) 43.44) 42.30) 43.60) 43.73) 42.95) 38.78, 36.80) 38.82 
Range} 9.89) 2.75) 0.82) 10.45) 2.65) 0.81} 7.23) 0.84) 0.52) 5.82 1.92) 0.55) 0.61 
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EXPERIMENT STATION BULLETINS. 749 


TABLE 44—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, MAY, 1913. 


Date— Gravel. | Sand. Loam. Clay. Peat. 
Maximum, 
EEE AG a Hoe gtr | eG (12) AB | 6% 1 ABP Yo 1B) SOE penta pene | eel legate 
| | | } 
1 {Max....| 70.4 | 57.6 | 51.0 69.8 | 56.6 50.6 | 64.6 50.7 48.0 | 62.5 50.8 48.7 | 55.0 48.7 | 47.6 
\ Min... .| 51.6 | 52.5 | 50.1 | 50.9 | 52.0 | 49.8 | 50.7 | 50.0 | 47.7 | 50.8 | 49.9 | 48.6 | 51.8 | 48.5 | 47.5 
| | | | 
9 { Max....| 73.7 | 60.9 | 53.5 | 72.9 | 59.5 | 52.9 | 68.0 53.4 | 49.8 | 65.7 53.6 | 51.1 | 58.3 | 50.6 | 48.5 
\ Min. -..| 55.9 | 55.9 | 52.8 | 54.8 | 55.2 | 52.2 | 54.7 | 52.8 | 49.2 | 55.0 | 52.9 | 50.6 | 55.1 | 49.8 | 43.0 
3 { Max....| 72.0 | 62.5 | 55.7 71.0| 61.4 54.9 | 67.9 | 56.0 | 51.6 | 66.6 56.2 | 53.4 | 60.6 | 52.6 | 49.7 
\ Min. .:.] 59.5 | 59.0 | 55.0 | 58.2 | 57.9 | 54.3 | 58.5 | 55.4 | 51.1 | 58.4 | 55.5 | 53.0 | 58.0 | 51.8 | 49.4 
ee: 70.9 | 63.3 | 58.3 | 70.0 | 62.1 | 57.4 | 68.0 | 58.9 | 54.5 | 66.8 59.1 | 56.4 | 62.7 | 56.0 | 52.7 
Min....| 64.4 | 62.0 | 53.0 | 63.6 | 60.9 | 57.1 | 62.8 | 58.7 | 54.2 | 63.1 | 58.9 | 56.0 | 61.5 | 55.4 | 52.0 
g{Max....| 68.0 | 62.1 | 58.4 69.0 61.7 57.5 | 67.2 | 59.5 | 55.4 | 65.4 | 59.5 57.0 | 63.6 | 57.2 | 53.9 
\ Min. ...| 59.6 | 59.9 | 57.8 | 58.5 | 58.9 | 56.9 | 60.6 | 59.0 | 55.1 | 60.9 | 59.0 | 56.7 | 61.4 | 56.9 | 53.5 
| | | | 
7 {Max....| 68.9 | 60.0 | 57.4 69.2 | 59.2 56.9 | 66.4 58.6 | 55.7 | 63.5 | 58.3 57.0 | 61.1 57.9 | 54.8 
\Min....| 50.7 | 56.0 | 56.0 | 49.3 | 55.4 | 55.5 | 52.6 | 57.2 | 55.1 | 53.5 | 56.8 | 55.8 | 58.1 | 57.4 | 54.7 
g { Max 66.2 | 58.7 | 56.7 | 66.0 | 58.1 | 56.2 | 63.6 | 57.6 | 55.0 | 61.8 | 57.1 | 55.9 | 59.0 | 57.4 | 55.1 
\ Min 53.0 | 55.8 | 55.6 | 51.8 | 55.2 | 55.1 | 53.6 | 56.4 | 54.6 | 53.6 | 55.8 | 55.0 | 57.1 | 56.9 | 55.0 
|. | | 
10 { Max 64.0 | 57.1 | 55.5 64.0 56.5 | 55.4 | 60.4 56.0 | 55.0 | 58.3 55.0 | 55.5 | 55.7 | 57.1 | 55.8 
\Min....| 48.0 | 53.1 | 53.6 | 46.4 | 52.5 | 53.7 | 49.2 | 54.3 | 53.9 | 48.9 | 53.3 | 53.9 | 53.5 | 55.7 | 55.2 
| | 
19 { Max....| 61.4 | 57.2 | 55.9 | 66.7 | 56.5 | 55.1 | 59.4 | 56.3 | 54.1 | 58.0 | 55.2 | 54.4 | 55.4 | 54.7 | 54.3 
“\Min....| 52.0 | 54.9 | 54.5 | 51.2 | 54.3 | 54.0 | 53.1 | 55.0 | 53.7 | 52.0 | 54.1 | 58.8 | 53.7 | 54.3 | 54.0 
| | | | 
a5 Mex 65.5 | 60.1 | 56.9 64.8 59.5 55.2 | 64.2 56.5 | 53.9 62.6 | 56.3 54.1 | 58.3 54.3 | 53.9 
Min....| 53.4 | 55.0 | 54.8 | 52.5 | 54.5 | 54.0 | 54.1 | 55.2 | 53.6 | 53.7 | 54.4 | 54.0 | 54.2 | 54.0 | 53.6 
| | | | 
{Mee 60.5 | 57.7 | 56.4 | 62.2 | 58.0 | 55.5 | 59.7 | 57.1 | 54.4 | 59.1 | 56.6 | 55.0 | 58.0 | 54.9 | 53.8 
Min....| 54.9 | 55.9 | 55.6 | 54.0 | 55.4 | 54.9] 56.3 56.4 | 54.2 | 55.9 | 55.9 | 54.7 | 56.1 | 54.7 53.7 
oN 63.2 59.1 | 56.6 | 64.9 | 59.8 | 55.6 | 62.0 56.4 | 54.4 | 62.6 56.9 | 55.0 | 59.8 55.1 | 54.2 
Min....| 52.8 | 54.4 | 54.6 | 52.3 | 54.1 | 54.2 | 53.7 | 55.0 | 53.9 | 53.4 | 54.9 | 54.5 | 55.9 | 55.0 | 54.0 
deg eax .| 65.2 | 59.2 | 57.0 | 68.0 60.0 56.5 | 62.6 57.5 | 54.8 | 62.9 | 57.4 | 55.6 | 60.3 | 56.1 | 54.5 
Min....| 55.5 | 56.1 | 56.2 | 55.2 | 56.0 | 55.6 | 56.8 | 56.7 | 54.4 | 56.6 | 56.5 | 55.3 | 57.7 | 55.9 | 54.4 
| | | | 
17{ Max 64.7 | 60.1 | 57.8 | 66.2 60.6 | 56.9 | 61.8 57.4 | 54.9 | 61.9 57.6 55.9 | 60.8 | 56.6 55.0 
Min....] 53.8 | 55.9 | 55.9 | 53.3 | 56.1) 55.4 | 54.9 | 56.4 | 54.7 | 54.3 | 56.1 | 55.4 | 57.5 | 56.2 | 54.9 
Te | 70.0 | 62.9 | 58.9 | 70.0 | 62.6 | 57.1 | 67.0 | 57.7 | 55.4 | 64.0 | 57.3 | 55.9 | 61.6 | 56.9 | 55.5 
Min 52.5 | 55.5 | 55.8 | 51.1 | 55.3 | 55.4 | 53.1 | 55.7 | 54.8 | 51.4 | 54.8 | 55.1 | 56.3 | 56.2 | 55.4 
| | | | | 
op { Max....! 62.4 | 60.1 | 59.0 | 62.0 | 59.6 | 58.1 | 61.0 | 59.0 | 55.9 58.5 | 57.9 | 56.3 | 59.4 | 57.0 | 55.5 
ou \ Min. ...| 58.6 | 59.3 | 58.4 | 57.6 | 58.6 | 57.4 | 58.6 | 58.3 | 55.7 | 56.7 | 57.2 | 56.0 | 58.6 | 56.8 | 55.5 
91 {Max....| 65.5 | 60.8 | 58.3 | 65.8 | 60.7 | 57.0 | 63.6 58.0 | 55.9 63.2 | 57.6 56.0 | 60.2 56.8 | 55.7 
Min....| 56.1 | 57.1 | 56.9 | 55.3 | 56.5 | 56.1 | 55.9 | 56.9 | 55.4 | 54.1 | 55.9 | 55.5 | 57.0 | 56.5 | 55.5 
99 { Max 59.8 | 59.3 | 58.8 | 58.4 | 59.0 | 58.0 | 59.5 | 59.0 | 56.1 58.9 | 58.7 56.8 | 60.3 | 57.4 | 55.9 
“*\ Min 58.1 | 58.3 | 58.0 | 57.8 | 58.0 | 57.1 | 58.5 | 58.4 | 56.0 | 57.9 | 58.0 | 56.7 | 59.6 | 57.0 | 55.7 
93 {Max....| 58.2 | 57.0 | 56.1 | 58.4 | 56.8 | 55.9 | 57.9 | 56.9 | 56.0 | 57.4 | 56.1 | 56.2 | 58.0 | 57.3 | 56.1 
|Min....| 53.3 | 55.0 | 55.3 | 52.5 | 54.5 | 55.1 | 54.3 | 56.0 | 55.2 | 53.7 | 55.5 | 55.4 | 56.6 | 56.6 | 56.0 
o4 | Max 67.1 | 61.6 | 58.0 | 68.1 | 62.0 | 56.6 | 65.2 | 57.2 | 55.0 63.4 | 57.5 | 5.53 | 61.5 | 56.6 | 56.0 
| Min 53.4 | 54.6 | 55.1 | 52.7 | 54.1 | 54.6 | 53.9 | 55.3 | 54.5 | 53.4 | 55.0 | 54.8 | 56.3 | 56.2 | 55.6 
og | Max 53.7 | 53.5 | 55.2 | 53.4 53.2 | 55.2 | 53.5 | 56.0| 55.5 53.3 | 54.9 | 55.6 | 55.3 57.0 | 55.9 
\ Min 49.7 | 53.0 | 53.8 | 48.5 | 52.4 | 53.8 | 51.2 | 54.2 | 54.4 | 50.1 | 53.5 | 54.5 | 54.1 | 55.9 | 55.5 
97 | Max 66.2 | 59.1 | 55.7 | 67.7 | 60.0 | 54.9 | 63.0 | 54.9 | 53.8 61.8 | 55.2 | 53.8 | 58.8 | 55.2 | 55.4 
\ Min 50.5 | 52.0 | 53.0 | 49.9 | 51.7 | 53.0 | 51.0 | 53.3 | 53.1 | 50.9 | 52.9 | 53.4 | 53.5 | 54.7 | 54.9 
og | Max 74.1 | 64.1 | 59.2 | 74.4 | 64.4 | 57.4 | 69.5 | 57.7 | 54.2 | 67.7 | 58.2 | 54.8 | 62.5 | 55.5 | 54.9 
\ Min 54.0 | 55.7 | 55.7 | 53.3 | 55.6 | 55.0 | 54.4 | 55.5 | 54.0 | 53.7 | 55.0 | 54.5 | 56.7 | 55.2 | 54.6 
29 { Max 68.0 | 63.0! 60.9 | 68.0 62.6 | 59.1 | 64.6 | 60.4 | 56.4 63.4 | 60.0 | 57.2 | 62.5 | 57.3! 55.4 
“9 | Min 60.7 | 61.2 | 59.7 | 59.7 | 60.6 | 58.4 | 61.0 | 59.4 | 55.9 | 59.5 | 58.7 | 56.9 | 60.7 | 56.8 | 55.0 
amy Be 64.8 | 59.9 | 59.2 | 65.0 59.5 | 58.4 | 63.0 | 59.6 | 57.0 63.1 | 59.0 57.7 | 60.6 57.9 | 56.1 
Min 56.7 | 58.2 | 58.2 | 55.4 | 57.5 | 57.1 | 58.1 | 58.5 | 56.7 57.5 | 58.1 | 57.1 | 59.1 | 57.5 | 55.9 
91 { Max....| 71.9 | 63.5 | 60.0 | 74.5 64.1 | 58.5 | 68.2 | 59.5 | 57.0 67.7 | 60.0 57.5 | 63.8 | 58.0 | 56.6 
\ Min... | 58.1 | 58.7 | 58.2 | 57.4 | 58.3 | 57.5 | 59.0 | 58.7 | 56.7 | 58.6 | 58.5 | 57.3 | 59.9 | 57.9 | 56.5 
Max..| 66.01, 60.02) 57.17, 66.92 59.77| 56.26| 63.53} 57.22| 54.60 62.31 57.00 55.31| 59.73) 55.85] 54.34 
Ave.} Min. .| 54.88 56.35) 55.72) 53.97, 55.83) 55.12| 55.41) 56.10) 54.15 64.91 55.66 54.79] 56.92 55.38| 54.08 
Range | 11.13, 3.67 1.45 12.35, 3.94) 1.14) 8.12 1.12| 0.45 7.40 1.34 0.52) 2.81, 0.47| 0.26 
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STATE BOARD OF AGRICULTURE. 


TABLE 45—MAXIMUM AND MINIMUM TRMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 


Gravel. 


WITH SAND, JUNE, 1913. 


Clay. 


Date— Sand Loam. Peat. 
Maximum, |__ = 
minumun. OP on AZ? 18” 6" 12” 18” 6” {Pali 1 Rise Graze 18” 6” 125 18” 
i 2 _| | coat ee 
> | Max....| 78.5 | 69.4 | 64.5 | 78.2 | 68.9 | 62.1 | 74.8 | 63.4 | 58.9 | 71.7 | 63.1 | 60.0 | 67.5 | 60.2 | 57.8 
“\ Min....| 59.5 | 62.1 | 61.5 | 58.4 | 61.9 | 60.5 | 60.4 | 61.5 | 58.8 | 58.5 | 60.6 | 59.5 | 62.3 | 60.0 | 57.0 
3 Max....| 78.1 | 70.9 | 66.3 | 77.5 | 69.9 | 63.5 | 75.8 | 65.5 | 60.4 | 73.5 | 65.1 | 61.0 | 68.8 | 61.3 | 58.7 
°') Min. ...| 64.1 | 64.8) 163.7 63-2) | 64.0) 162.0 16452) 63.7 |) GOlT 6222)" 6256. | 6120) beso 6 tert cee 
4 Max....| 77.9 | 70.2 | 66.0 | 77.0 | 69.0 | 63.5 | 75.8 | 65.5 | 61.6 | 73.0 | 64.9 | 62.4 | 68.4 | 62.4 | 60.5 
Min....| 61.3 | 64.2 | 63.7 | 59.8 | 63.6 | 62.2 | 62.5 | 64.0 | 61.4 | 60.2 | 62.6; 61.6 | 63.9 | 62.0 | 60.4 
5 Max....| 78.2 | 70.4 | 66.2 | 77.0 | 69.1 | 63.7 | 76.1 | 66.0 | 62.2 | 73.6 | 65.3 | 62.7 | 68.3 | 62.8 | 61.3 
Min....| 62.2 | 64.5 | 64.0 | 60.9 | 63.7 | 62.5 | 63.4 | 64.5 | 61.9 | 61.2 | 63.1 | 62.1 | 64.4 | 62.4 | 61.1 
6 Max....| 80.8 | 72.9 | 68.3 | 79.5 | 71.6 | 65.4 | 78.6 | 68.0 | 62.7 | 77.1 | 67.7 | 63.3 | 70.7 | 63.4 | 61.9 
Min....| 66.8 | 66.7 | 65.7 | 66.2 | 66.0 | 63.9 | 67.0 | 66.0 | 62.6 | 65.1 | 65.1 | 63.0 | 66.5 | 63.2 | 61.5 
,~ { Max....| 65.0 | 67.3 | 67.5 | 64.5 | 66.3 | 66.0 | 66.6 | 68.5 | 63.9 | 65.1 | 67.5 | 64.9 | 68.0 | 64.5 | 62.6 
"\ Min....| 63.4 | 64.9 | 64.6 | 61.5 | 63.8 | 63.5 | 65.0 | 65.7 | 63.5 | 64.4 | 64.9 | 64.0 | 66.0 | 64.2 | 62.3 
9 { Max....| 70.6 | 64.3 | 61.4 | 70.5 | 63.8 | 59.8 | 68.9 | 61.5 | 60.7 | 67.5 | 60.8 | 61.6 | 63.1 | 62.2 | 62.1 
“\ Min....| 53.0 | 57.9 | 58.7 | 50.9 | 57.0 | 58.4 | 55.1 | 59.9 | 59.5 | 53.2 | 54.4 | 59.1 | 58.7 | 61.0 | 62.0 
10 Max....| 75.5 | 66.9 | 62.8 | 74.9 | 66.3 | 60.8 | 73.0 | 62.5 | 60.0 | 71.6 | 62.2 | 60.0 | 64.9 | 61.2 | 60.9 
Min....| 54.8 | 58.9 | 59.5 | 52.9 | 58.1 | 58.8 | 56.6 | 60.1 | 59.3 | 54.5 | 58.6 | 59.3] 59.4 | 60.4 | 60.1 
11 Max....| 77.7 | 69.0 | 64.7 | 76.6 | 67.9 | 62.4 | 74.9 | 64.0 | 60.5 | 73.7 _| 64.0 | 60.9 | 66.2 | 61.2 | 60.0 
\ Min....] 58.9 | 62.0 | 61.8 | 57.3 | 61.3 | 60.8 | 60.2 | 62.2 | 60.2 | 58.2 | 61.0 | 60.6 | 61.7 60.8 | 59.8 
12 Max....| 79.0 | 70.5 | 66.1 | 77.4 | 69.0 | 63.4 | 76.4 | 65.5 | 61.5 | 75.4 | 65.4 | 62.0 | 67.5 | 61.6 | 60.2 
“\-Min....| 60.8 | 63.5 | 63.2 | 59.0 | 62.7 | 61.9 | 62.0 | 63.5 | 61.4 | 60.0 | 62.5 | 61.7 | 62.7 | 61.5 | 60.1 
| 
13 Max....| 81.1 | 72.3 | 67.6 | 79.2 | 70.7 | 64.7 | 78.6 | 67.0 | 62.6 | 77.6 | 67.2 | 63.2 | 69.1 | 62.5 | 60.9 
Min....| 63.2 | 65.1 | 64.7 | 62.4 | 64.3 | 63.2 | 64.1 | 65.0 | 62.5 | 62.6 | 64.0 | 62.9 | 64.1 | 62.3 | 60.6 
14 Max....| 84.9 | 74.6 | 69.2 | 82.8 | 72.7 | 66.0 | 81.6 | 68.9 | €3.6 | 81.1 | 69.1 | 64.5 | 71.2 | 63.5 | 61.5 
Min....| 65.4 | 67.0 | 66.5 | 63.9 | 66.2 | 64.5 | 66.5 | 66.7 | 63.5 | 64.8 | 66.0 | 64.2 | 65.8 | 63.4 | 61.2 
16. Max....| 90.4 | 80.3 | 74.5 | 86.9 | 77.6 | 70.0 | 87.3 | 73.9 | 67.0 | 86.8 | 74.6 | 68.4 | 76.6 | 67.1 | 64.1 
Min... .| 7321 | 7320)) 741.3 | 7120 | 70-7 | 168.6) -7356°) 71.6 | 66.8 | 720470 2 68 ta Geese 
17 Miax....| 87.6 79.6 | 74.8 | 87.5 | 78.9 | 71.2 | 85.9 | 74.8 | 68.6 | 84.3 | 75.0 | 70.1 | 78.5 | 69.1 | 65.6 
Min....| 72.9 | 73.9 | 72.5 | 70.8 | 72.4 | 69.7 | 74.4 | 73.2 | 68.6 | 73.4 | 72.8 | 69.9 | 73.4 | 68.6 | 65.1 
| 
18 {Max....| 87.4 | 78.7 | 74.2 | 86.6 | 77.7 | 71.2 | 85.4 | 74.5 | 69.5 | 83.7 | 74.1 | 70.7 | 77.9 | 70.2 | 67.0 
\ Min. ...| 71.0 | 73,2 | 72.0 | 69.9 | 72:1 | 70.0 | 73.1 | 73.1 | 69.1 | 70.9 | 71.8 | 69.9 | 73.5 | 70.1 | 66.5 
19 Max....| 83.0 | 77.8 | 74.4 | 81.5 | 76. 71.7 | 82.4 | 75.0 | 70.0 | 80.9 | 74.4 | 70.8 | 77.6 | 71.1 | 67.9 
~\ Min... .) 73.2 | 74.0 | 72.9 | 72.2 | 72.9 | 70.6 | 74.7 | 73.9 | 69.6 | 72.5 | 72.4 | 70.4 | 74.3 | 70.9: | 67.6 
90 Max . | 78.1 | 74.4 | 72.6 | 78.0 | 73.6 | 70.7 | 77.3 | 74.0 | 70.2 | 76.0 | 72.9 | 70.8 | 75.7 | 71.7 | 68.6 
“™ | Min. . 70.8 | 72.4 | 71.6 | 69.2 | 71.0 | 69.8 | 72.6 | 73.4 | 69.6 | 71.9 | 71.9 | 70.0 | 73.9 | 71.2 | 68.4 
24 Max....| 73.1 | 70.9 | 70.5 | 74.1 | 70.1 | 68.6 | 73.2 | 72.0 | 69.4 | 72.7 | 70.9 | 69.7 | 72.6 | 71.3 | 68.8 
=—\ Min. ...| 69-0 | 69.5 | 69.5 | 68.1 |68.5 | 68.3 | 70.7% | 70.8! | 68.5) | 70007) 70) 1° | "68. 8) 7128 e720 Re pocee 
23 Max....| 85.9 | 76.1 | 71.2 | €5.9 | 75.6 | 69.0 | 82.5 | 71.0 | 67.6 | €0.4 | 70.5 | 67.9 | 75.4 | 69.6 | 67.9 
““\ Min....| 66.6 | 68.8 | 68.5 | 65.7 | 68.2 | 67.6 | 68.0 | 69.4 | 67.0 | 66.2 | 68.0 | 67.2 | 69.9 | 69.1 | 67.6 
| . 
04. Max....| 86.1 | 77.6 | 73.1 | 83.67 76.9 | 70.6 | 83.6 | 72.8 | 68.7 | 81.7 | 72.2 | 68.9 | 76.6 | 70.0 | 68.2 
Min’... 71.01 71.6 | 7029) 69.7 | 70:8 | 69.4 |- 71.4 |) 7.3) | 68.1 | 6974 169.9 | 68-5) | 7S ConGm mone 
25 Max....| 87.0 | 79.4 | 75.2 | 84.5 | 78.4 | 72.4 | 84.9 | 75.0 | 69.6 | 83.5 | 74.6 | 70.1 | 78.2 | 70.9 | 68.8 
“\Min.....| 74.7 | 74.5 | 72.9 | 73.0 | 73.5 | 71.1 |) 75:1 | 73.5) | 69.4 | 73.4 | 72.4 | 70.0 |) 746) 70l7 eset 
26! Max....| 88.8 | 80.5 | 76.4 | 84.7 | 7$.5 | 73.4 | 86.3 | 76.2 | 71.3 | 85.0 | 75.9 | 71.5 | 79.7 | 72.1 | 69.0 
Min....| 76.0 | 75.4 | 74.3 | 74.6 | 74.6 | 72.2 | 76.5 | 74.8 | 70.6 | 74.9 | 74.0 | 71.2 | 75.8 | 72.0 | 68.8 
07 Max....| 92.1 | 83.8 | 78.8 | 90.0 | &2.2 | 75.2 | 90.1 | 78.4 | 72.0 | 88.4 | 78.4 | 73.0 | 82.0 | 73.6 | 70.2 
2° Min. .0) 77.8 77.2 | 75.9 | 776055) 760 | 7886 | 780! 7OL4 TLS) | 76260 756d |i nl ae eet 
98 Max....| 95.5 | 85.1 | 80.1 | 92.0 | &3.5 76.2 | 93.0 | €0.0 |! 73.4 | 91.4 | 79.8 | 74.4 | 83.3 | 74.9 | 71.3 
\ Min. ....| 7926: | 79:0.) 7727 .| 78.2). 77.9. || 75.0. 179.9) | 78, 1°) 7823 | 7802) | Wes: sed WTSe7 | acon er Oe 
39 Max....| 92.0 | 84.9 | 80.6 | 89.5 | §2.7 | 77.5 | $0.7 | 81.0 | 75.8 | 89.0 | 80.4 | 76.6 | 83.1 77.4 | 73.5 
Min....| 79.5 | 80.3 | 76.4 | 77.9 | 78.5 | 76.6 | 80.5 | 79.9 | 75.4 | 78.3 | 78.5 | 76.1 | 79.8 | 77.0 | 73.4 
Max .| 82.17] 74.71) 70.68] 80.80; 73.54) 67.96) 80.15 70.€0| 66.07) 78.59) 70.24) 66.78) 73.24] 67.C3) 64.77 
Ave.; Min. .| 67.54) 68.98) 68.16) 66.13) 68.03) 66.59) 68.62) 68.89) 65.70) 66.92) 67.65) 66.20 69.05) 66.67 €4.38 
Range; 14.63) 5.73) 2.52) 14.67| 5.51) 1.37) 11.53) 1.71) 0.37) 11.67) 2.59) 0.58 4.19) 0.36) 0.39 
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TABLE 46.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, JULY, 1913. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maximum, ae : 29 A 
minimum. 6” 1 vad 1 8” 6” | 1 oe 1 8” 6” 1 De 18” 6” 1 Val | 1 8” 6” 12” 18” 
1 Max....| 88.5 | 82.5 | 79.5 | 86.7 | 81.1 | 77.0 | 87.4 | 80.4 | 75.9 | 85.6 | 79.4 | 76.7 | 82.0 | 77.7 } 74.4 

Mines.) 78.2 | 79. 1ee78 77.0 pated \ 76e1 17928 7925) | 7b | SEL | 7823 | 75.9) |-79).9 77.4 ) 74.0 
9 { Max....| 91.9 | 84.4 | 80.1] 89.3 | 82.5 | 76.6 | 90.6 | 80.4 | 75.7 | 88.4 | 79.8 | 76.0 | 82.9 | 77.4 | 74.5 

\ Min....| 76.3 |.77.8 | 77.0 || 74.9 | 76.8 | 75.4 | 77.6 | 78.3 | 74.9 | 75.4 | 76.9 | 75.2 | 78.3 | 76.9 | 74 1 
3 { Max....] 94.1 | 84.9 | 80.4 | 90.1 | 82.4 | 77.1 | 91.6 | 80.5 | 75.9 | $0.1 | 80.1 | 76.4 | 82.9 | 77.6) 74.8 

Naan: shel] 0924. | eSsON 6.4 viGn | vOod 79226 7 Oe2e | Tobe led LON teas | Toe | TOO 7721.3) 7422 
4 (Max....| 88.6 | 85.0 | 81.8 | 85.6 | 83.0 | 78.4 | 88.7 82.2 | 76.5 | 86.9 | 81.6 77.1 | 83.9 | 77.9 | 74.7 

{ Min... 81.6 | 81.2 | 79.8 | 80.1 | 80.0 | 77.5 , 82.3 | 80.6 | 76.4 | 80.4 | 79.5 | 76.9 | 80.6 | 77.7 | 74.5 
5 Max...= 81.0 | 78.9 | 79.2 | 79.5 | 77.9 | 77.1 | 81.1 | 80.5 | 76.9 | 80.5 | 79.2 | 77.3 | 79.8 | 78.2 | 75.1 

Nine ea ino) Taken cco) el lone ey oeen eos) Se) |iSed! li iSe2e ll 1Oes) ImecOsOL |e cideelleanO 
PI WAX see |aecen | £468) lee2el Oho lee dae | ks Or| 7926))| %o00) || 22-9) | feeOr || Meo? || £20. | 4-0! foe dra 
“) Min.... 63.7 | 68.6 | 69.9 | 61.1 | 67.3 | 69.6 | 66.1 | 71.5 | 71.2 | 64.1 | 69.6 | 70.8 | 69.5 | 73.4 | 73.3 
8 MMAXe en ee teletonle orocke|koerultde Onli OnlennOnatosaalerlne. || LOLOr i t2cai il Ciele| eanG) le toale im aeed 

\ Min....] 67.8 | 70.5 | 70.9 | 65.9 | 69.8 | 70.0 | 68.9 | 71.7 | 70.6 | 66.9 | 69.9 | 70.4 | 70.5 | 72.2 | 71.7 
9 Max....|.84.9 | 76.9 | 73.3 | 83.5 | 76.5 | 71.3 | 82.3 | 73.1 | 70.7 | 80.6 | 72.5 | 70.6 | 76.1 |. 72.1 | 71.2 

\ Min....} 68.9 | 70.5 | 70.4 | 67.5 | 69.8 | 69.9 | 70.0 | 71.4 | 70:1 | 68.6 | 70.1 | 70.1 | 71.2 | 71.7 | 70.9 

10 Maxis 8524) 2720) Ics 5) 802. |) 26-3 | flO) Saebe | %d.0) | CAO Bie. 220) le dee | eed [ceed a Qen 

Mine s..| 67.9 17154 | 720: (66.0) | 7025) | 70.6.) 6955, | 7220 | 7025. | 67.2 | 70L4 7224 | 708i |) 71.74) 70.6 

1 Maxe.- 8457 | 2752) 73-9 || 83.2 | 76:1) |) 72.0) |) 82-8: 73.9) 7101 |) S20) || 73.0) | 706 | 75-4) |) 72000) 7025 
\ Min....] 68.3 | 71.7 | 71.2 | 66.3 | 70.7 | 70.8 | 70.0 | 72.5 | 70.6 | 67.5 | 70.7 | 70.9 | 71.1 | 71.6 | 70.4 
12 Max....| 81.9°|| 76.5 | 74.1 | 81.6 | 76.1 | 72.6 | 80.2) 74.5 | 71.4)| 78.6 | 73.4 | 71.5 | 75.3) | 72.0 | 70.5 
Minter cesak | e7ere|ra-O1en058 72-9) | 9) | 74d) 178.9) [tLe 2h e2so) eee ote 73.1 | 71.9 | 70.4 
14 Max....| 87.6 | 79.5 | 75.4 | 85.8 | 78.4 | 73.1 | 84.8 | 75.1 | 71.7 | 83.2 | 74.4 | 72.1 | 76.8 | 72.5 | 70.7 
\ Min.... Tle) Wome | ee zely MOORS: Nkd2esuiedesO! (72a toe On aii |e 7O2on wiaeonl Sh OL lions | vtecOmlemOnG 
15 Max....| 89.1 | 80.0 | 76.1 | 86.0 | 79.1 | 74.1 | 85.8 ) 76.0 | 72.3 | 84.4 | 75.4 | 72.9 | 78.4 | 72.9 | 70.9 
Pa Min. POS 4e7 Wess dO! ised: let2o9) (tae. 7428. eee le i2e9) Eto) |e yemon leddacn || ental eas 
16 Max....| 86.0 | 79.9 | 76.7 | 84.0 | 78.8 | 74.8 | 84.5 | 76.8 | 73.0 | 83.1 | 76.0 | 73.6 | 78.2 | 73.8 | 71.5 
Mins. 2.07429) 07529) | 75:2 |) 7200) | - 7520 |-74.0 17537 | 75.4 | 72:9! | 735% | 74:4) 73.2. 75.8 | 3.60 p 71.2 

17 Waxes.c) Ges) (uroeo! leraeee 2oLO it 74-9 7425 lietian |etOre lntesdts | led! |roeill | Loco) |otonds lee aeO 2.1 
‘\ Min....) 73.0 | 74.1 | 74.3 | 70.5 | 73.1 | 73.4 | 74.2 | 75.1 | 72.9 | 73.8 | 74.3 | 73.1 | 73.6 | 73.6 | 71.9 
18! Max....| 85.6 | 78.2 | 75.0 | 87.2 | 79.3 | 73.7 | 82.1 | 74:5 | 72.4 | 80.0 | 74.5 | 72.8 | 78.2 | 73.9 | 72.1 
\ Min....] 71.5 | 72.9 | 72.8 | 70.4 | 72.3 | 72.2 | TSLOR e430) CMG Ae 2.4 | 13d leeste lee le tocoMmnonO 
19 Max....| 86.1 | 79.1 | 75.8 | 86.0 | 79.0 | 74.1 | 82.8 | 75.0 | 72.3 | 80.9 | 74.5 | 73.0 | 76.9 | 74.1 | 72.1 
Min....| 71.3 | 73.8 | 73.7 | 70.0 | 73.6 | 73.0 | 72.3 | 74.0 | 72.0 | 71.0 | 72.9 | 72.3 | 73.6 73.5 | 72.0 

1 Max 26.4 | 78.5 | 74.8 | 84.9 | 77.6 | 73.0 | 83.3 | 74.4 | 72.4 | 81.2 | 73.5 | 72.5 | 77.0 | 73.2 | 71.7 
Min 68:5 | 72.1 | 72.4 | 66.6 |) 71.3 | 71.7 | 69.9: | 73.0 | 71.5: | 68.0 | 71.4 | 71.5 | 71.4 |: 72.3 | 71.6 

99 Max 84.0 | 77.5 | 74.6 | 82.8 | 75.7 | 73.1 | 81.4 | 74.5 | 72.4 | 79.7 | 73.0 | 72.5 | 75.5 | 73.0 | 71.5 
“| Min G8 S724 ler2cby | 6bL: leteo ladle POLO: levonO (ork. Or i) Gved (tows idea hedileO! |edeslen aie 
23 Max 7129) |}23.6 |) ZACH) ZOL5 || 72.4) 73.0) | 72-30 24.4 1 7-9 |) £05 | 2.8 || 2-0) |972.5 g2eoelon bed 
| Min 7OlS) idee letenteal CO82) | rO Tse leper on eA we O.k | nla | Wied eve oe oreo eo 
4 { Max 77.6 | 73.5 | 71.3 | 77.0 | 73.3 | 70.0 | 77.0 | 71.1 | 70.6 | 75.4 | 70.5 | 70.4 | 73.4 | 71.3 | 70.8 
=<“ \ Min 65.5 | 68.1 | 69.1 | 63.9 | 67.0 | 68.8 | 66.6 | 69.9 | 69.5 | 65.7 | 68.6 | 69.4 | 68.7 | 70.5 | 70.4 
25{ Mn 82.0 | 74.5 | 71.3 | 81.2 | 72.5 | 69.9 | 79.7 | 71.0 | 69.8 | 78.1 | 70.5 | 69.8 | 73.8 | 70.8 | 70.1 

Min 64.0 | 68.1 | 68.8 | 61.9 | 67.8 68.6 | 65.7 | 69.5 | 69.0 | 64.0 | 68.1 | 69.0 | 68.5 | 70.0 | 69.9 
26 Max 87.0 | 78.0 | 74.0 | 85.0 | 75.6 | 71.6 | 83.9 | 73.1 | 69.8 | 82.6 |} 72.9 | 70.0 | 76.5 | 70.6 | 69.6 

Min 70.4 | 71.6 | 71.6 | 68.5 | 70.1 ! 70.5 | 70.9 | 71.5 | 69.7 | 69.3 ' 70.5 | 69.7 | 71.2 | 70.5 | 69.5 
28 { Max 86.8 | 79.6 | 76.1 | 87.5 | 80.0 | 74.1 | 84.1 | 75.9 | 72.1 | 82.8 | 75.6 | 73.0 | 80.4 | 73.1 | 70.8 

\ Min 738.0 | 74:5 |) 74.3.) 69:1 |) 73.4 | 72.8 | 74:3 | 74.6 | 72.0 |) 73.5 | 74.0 | 72.6 | 74:9 | °7229))| 70.5 

99 { Max 89.S | 80.6 | 76.9 | 89.1 | 80.4 | 74.8 | 85.6 | 76.5 | 73.0 | 84.5 | 76.2 | 73.8 | 80.5 | 74.4 | 71.8 
“""’|\ Min T4858 TD We F2E7 W752: | 740 17556 eva. G |) 7220 Pia @ Wis | 73.4 76.7 | W420) 72 
30 { Max 93.9 | 84.0 | 79.4 | 92.0 | 83.4 | 76.7 | 89.9 | 78.5 | 73.9 | 88.9 | 78.6 | 74.6 | 83.5 | 75.5 | 72.9 

\ Min TOCG | TSO teed evaes Te Ocl core Ieonlome OPO MOCO Ne aGsk | Caeo! tS. ab |v baaale fo 34. 

31 { Max 86.0 | 81.9 | 79.6 | 83.5 | 81.1 | 77.6 | 84.4 | 79.5 | 75.1 | 83.0 | 78.6 | 76.2 | 81.2 | 76.9 | 73.8 

Min 2 NOSE TB 3 Wh 42 Bed | 76.4 | 78.2 | 78.4 | 75.0 | 76.5 | 77.4 | 75.8 | 78.9 | 76.6 | 73.5 
Max..| 85.15! 78.77) 75.83) 83.65 77.85! 73.87) 83.12) 75.85] 72.80) 81.55] 75.09) 73.14] 77.85] 73.99] 72.05 

Ave.{ Min. .| 72.08! 74.02| 73.74| 70.10) 73.06; 72.68) 73.29| 74.51) 72.29) 71.69) 73.24) 72.50) 73.98) 73.50) 71.&2 
Range | 13.07) 4.75) 2.09) 13.55 4.79) 1.19; 9.83} 1.34) 0.51) 9.86) 1.85] 0.64) 3.87) 0.49] 0.27 
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TABLE 47,—-MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 


WITH SAND, AUGUST, 1913. 


Gravel. 


Sand. 


Clay. 


Date— | Loam Peat. 
Maximum, = = 2: 
minimum. 6” We |b 6” 27 18” home te Paet Tee a hea 6" ie 18” 6” 12’ 18” 

a { Max....| 86.1 | 79.6 | 77.0 | 86.1 | 79.4 | 75.7 | 84.5.) 77.7 | 75.4 | 82.6 | 76.5 | 75.8 | 80.6 | 76.8 | 74.1 
Min....| 71.5 | 75.4 | 75.3 | 68.9 | 74.3 | 74.1 | 73.9 | 76.3 | 74.4 | 72.5 | 75.1 | 74.5 76.5 | 76.0 | 74.0 
> | Max....| 89.8 | 80.6 | 76.9 | 89.1 | 80.4 | 74.9 86.8 | 77.1 | 74.5 | 85.1 | 76.4 | 74.8 | 81.1 | 76.5 | 74.3 
“\ Min....| 70.4 | 74.1 | 74.4 | 63.4 | 73.0 | 73.5 | 72:6 | 75.5 | 738.8 | 70.8 | 74.0 | 78.8 | 75.5 | 75.8 | 74.0 
| | | | 
4 Max....| 85.0 | 77.7 | 74.8 | 84.3 | 77.5 | 73.5 | 83.0 | 75.4 | 73.8 | 81.4 | 74.1 | 73.9 | 78.1 | 75.5 | 74.0 
Min....| 67.9 | 72.4 | 72.9 | 65.4 | 71.4 | 72.2 | 70:3 || 73.8 | 72.8 | 73.5 ||| 72.2 | 72.6 | 73.6) || 74:6))¢3.6 
5 Max....| 84.0 | 77.1 | 74.1 | 82.5 | 76.4 | 73.4 | 81.6 | 74.8 | 73.2 | 80.0 | 73.3 | 73.2 | 76.3 | 74.9 | 73.4 
\ Min....| 67.2 | 72.0 | 72.4 | 64.8 | 71.0 | 71.6 | 69.4 | 73.3 72.0 67.3. || 74 72500 20s oeon eae 
6 Max....| 78.8 | 75.4 | 74.4 | 77.8 | 74.6 | 73.5 | 77.5 | 75.0 | 72.6 | 76.2 | 73.3 | 72.7 | 74.8 | 74.0 | 72.8 
Mins cea aleSil|) Goedel oso nAOsOs | rhea Onno n onl lie oon mies) | 721 | W120) 725.0720) dorks) cose iene 
7 Max....| 84.8 | 77.6 | 74.3 | 84.1 | 77.0 | 72.6 | 82.5 | 74.3 | 72.1 | 81.4 | 73.8 | 72.1 | 76.8 | 73.5 | 72.3 
Min....| 69.3 | 71.4 | 72.0 | 67.4 | 71.2 | 71.4 | 70.5 | 72.6 | TV. 9) 6952 J 74 17 A 7225 Om areas 
| | | | 
8 Max....| 85.4 |} 78.3 | 75.5 | 84.9 | 78.0 | 74.0 82.8 | 75.4 | 72.5 | 82.2 | 74.7 | 72.9 | 78.0 | 73.9 | 72.2 
Min....| 73.6 | 74.3 | 74.1 | 72.4 | 73.8 | 73.3 | 74.8 | 74.5 | 72.3 | 73.4 | 73.5 | 72.5 | 74.8 CRE Nee 
| | 
9 Max....| 81.7 | 76.8 | 75.4 | 82.4 | 77.1 | 75.1 | 80.0 | 76.0 | 73.4 | 79.9 | 74.9 | 73.5 | 77.4 | 75.0 | 73.1 
Yl Mianac scl) tad || 4nd 74.4 | 71.0 | 74.0 | 74.0 | 74.4 | 75.0 | 73.0 |-73.6 | 74.0 | 73.1 74.6 | 74.5 | 72.7 
"1 {Max....| 74.9 | 71.0 | 70.8 | 78.0 | 72.5 | 71.3 | 73-2 | 72.1 72.4 | 72.3 | 70:8 | °72:0))|): 7351) | 75ele eae 
\ Min....] 63.5 | 68.4 | 69.4 | 61.7 | 67.9 | 69.9 | 66.0 170.7 | 71.0 | 65.2 | 69.5 | 7015 | 7055 toes alniong 
12 Max....| 80.7 | 73.5 | 70.8 | 82.1 | 74.4 | 70.7 | 77.5 | 70.6 | 70.4 | 76.1 | 70.0 | 70.1 | 73.7 | 73.2 | 73.3 
Min....| 66.7 | 68.6 | 69.4 | 66.2 | 69.1 | 70.0 | 67.7 | 70.0 | 69.5 | 67.0 | 69.0 | 69.5 | 70.2 72.3 | 72.4 
| | 
13 Max....| 86.6 | 77.6 | 73.6 | 86.8 | 78.1 | 72.1 | 82.8 | 72.4 | 70.0 | 81.8 | 72.5 | 70.2 | 76.7 | 72.4 | 71.7 
Min....| 68.2 | 70.6 | 70.9 | 66.9 | 70.5 | 70.6) 69.0 | 70.7 | 69.6 | 68.0 | 70.0 | 69.9 | 70.9 | 71.8 | 71.4 
14 Max....| 87.6 | 79.7 | 76.0 | 87.6 | 79.5 | 74.0 | 84.5 | 74.8 | 71.1 | 83.6 | 74.8 | 71.7 | 79.0 72.6 | 71.1 
Min....| 73.5 | 74.5 | 73.9 | 72.4 | 74.2 | 73.0 | 78.8 | 73.5 | 70.9 | 72.5 | 72.9 | 71.6 | 74.01) 72255), fied 
15 Max....} 90.7 | 81.4 | 77.5 | 89.9 | 81.2 | 75.3 | 87.0 | 76.6 | 72.5 | 86.2 | 76.8 | 73.5 | 81.5 | 74.0 | 71.2 
DMintiae sledonds| MOLon |eMORDnllteeoullcosOnl(4eon| (O24. utp | 72.5 | 75.8 | 74.9 | 73.4 | 76.5.) woe9n| hep 
| | 
16 Max....| 88.5 | 84.5 | 80.1 | 85.9 | 83.9 77.5 | 89.3 | 80.3 | 74.8 | 87.5 | 79.5 | 75.0 | 85.9 | 75.7 | 72.9 
Min:...| 77.5 | 78.2 | 77.4 | 75.8 | 77.5 | 75.6 | 77.8 | 77.1 | 73.8 | 76.8 | 76.6 | 74.8 | 78.4 | 75.5 | 72.5 
| | | | | 
18 (Max....| 82.4 | 78.8 | 76.5 | 84.3 | 79.4 | 75.0 | 82.4 | 76.9 | 74.9 | 82.0 | 76.6 | 74.9 | 81.0 | 77.2 | 75.4 
Min....} 73.0 | 74.6 | 74.9 | 71.2 | 73.8 | 74.0 | 74.5 75.8 | 74.0 | 73.9 | 75.0 | 74.2 | 76.6 | 76.6 || 75.1 
| | | | | 
19 Max....| 84.1 | 78.1 | 75.5 | 85.9 | 79.1 | 74.9 | 82.1 | 76.4 | 74.3 | 80.3 | 75.4 | 74.6 | 79.1 | 77.1 | 75.2 
\ Min....| 70.6 | 73.7 | 73.9 | 69.2 | 73.9 | 73.8 | 73.1 | 75.0 | 7324 1 °7220) | 7421 | 78a7 7621 aloe eee 
20 Max....| 84.4 | 77.6 | 74.9 | 85.0 | 78.0 | 74.5 | 81.7 | 75.4 | 73.7 | 80.5 | 74.0 | 73.9 | 78.5 76.1 | 74.7 
Mirae on OSe On ler2eOu lv oeOGn(e|ccepen (ote Ner ee | 7329) 172.8, | 68.9 7284. 7227 | 73enal abe m ieee 
1 Max....| 78.8 | 75.6 | 75.0 | 78.8 | 75.4 | 74.5 | 78.0 | 75.4 | 73.3 | 77.5 | 74.3 | 73.5 | 76.5 | 75.4 | 74.0 
Min... 2.7328) 74.2) | 7404) | 72.1) 74801 73806 | 74e | 74h a) 7279) 7209) re Gi |) 2,9) eyo eden eo 
99 Max....| 76.2 | 74.5 | 73.9 | 78.0 | 75.3 | 73.4 | 76.4 | 74.5 | 72.6 | 75.7 | 73.8'| 73.0 | 76.2 | 74.7 | 73.4 
“\ Min....| 71.4 | 73.0 | 73.1 | 69.8 | 72.8 | 72.7 | 72.9 | 73.7 | 72.1 | 72.8 73.1 | 72.4 | TAT ONE Sil eoes 
23 Max.-..| 78.5 | 74.1 | 72.0 | 79.0 | 74.9 | 71.7 | 77.0 | 72.1 | 71.9 | 75.9 | 71.5 | 72.0 | 74.0 | 74:0) 7353 
Min....| 65.9 | 69.3 | 70.1 | 64.9 | 69.4 | 70.7 | 67-7 | 71.1 | 70.8 | 67.0 | 70.1 | 70.9 | 70.6 | 72.8 | 72.7 
95 Max....| 74.9 | 71.4 | 70.5 | 74.6 | 71.4 | 70.7 | 73.3 | 70.9 | 70.4 | 72.4 | 69.8 | 70.5 | 70.6 Tt Tae 
Min....| 63.6 | 68.5 | 69.3 | 61.5 | 67.9 | 69.2 | 65.4 | 69.5 | 69.4 | 64.6 | 68.3 | 69.3 | 67.5 | 70.4 | 70.7 
26 { Max 82.9 | 75.5 | 72.2 | 82.6 | 75.6 | 71.0 | 79.8 | 71.3 | 69.3 | 79.0 | 71.3 | 69.5 | 74.8 | 70.2 | 70.3 
\ Min 68.1 | 69.5 | 69.9 | 67.1 | 69.4 | 69.6 | 68.5 | 69.8 | 69.0 | 67.6 | 69.0 | 69.2 | 69.3 | 69.9 | 69.8 
97 Max 83.1 | 75.7 | 72.6 | 82.7 | 75.4 | 71.3 | 80.3 | 71.8 | 70.0 | 79.4 | 71.5 | 70.4 | 75.1 | 70.7 | 69.8 
Min 67.2 | 70.6 | 70.6 | 65.5 | 69.9 | 70.2 | 68.0 | 70.5 | 69.4 | 67.0 | 69.7 | 69.9 | 69.9 | 70.2 | 69.5 
28 | Man 1324, | 725) 7220) 17320) | 70) ted) |V 72-6); 72-0 | 70.2 | 707) | 71.1 | 70250) 70.5) | 0 See eo 
Min 69.0 | 70.2 | 71.0 | 67.5 | 69.6 | 70.1 | 69.5 | 70.8 | 69.8 | 68.7 | 70.0 | 69.9 | 70.3 | 70.4 | 69.6 
29 { Mex 75.1 | 71.0 | 69.5 | 74.1 | 70.6 | 69.3 73.4 | 69.9 | 69.5 | 72.5 | 68.8 | 69.6 | 71.0 | 70.2 | 69.8 
Min 63.5 | 67.5 | 68.2 | 62.0 | 67.0 | 68.4 | 65.0 |. 68.6 | 68.6 | 64.1 | 67.5 | 68.5 | 68.0 | 69.6 | 69.5 
30 { Vax 76.4 | 72.1 | 70.1 | 75.6 | 72.0 | 69.1 | 75.0 | 69.5 | 68.8 | 74.0 | 69.2 | 68.9 | 71.6 | 69.7 | 69.5 
\ Min 64.1 | 67.5 | 68.0 | 62.6 | 67.2 | 68.1 | 65.3 |} 68.1 | 68.0 | 64.3 | 67.3 | 68.1 | 68.0 | 69.0 | 69.0 
ie 82.05] 76.41| 74.07| 82.16] 76.4€| 73.08] 80.26] 74.18] 72.22| 79.12) 73.41| 72.41] 76.64] 73.87) 72.62 
Ave.{ Min. .| 69.55| 72.13) 72.38] 67.72] 71.67) 71.90] 70.92} 72.83| 71.53) 69.95) 71.81) 71.6&| 72.82] 73.22) 72.27 
| Range | 12.50 4.28) 1.66} 14.44] 4.7£) 1.18] 9.2€| 1.35) 0.69) 9.17) 1.€0| 0.7¢] 3.82} 0.65) 0.35 
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TABLE 48—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 


WITH SAND, SEPTEMBER, 1913. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maximum, ——— 
minimum. 6” 1 Oy 1 8” 6” 1 hd 1 8” 6” 1 ye 1 8” 6” | 1 ON 1 8” 6” 12" ! 18” 
1 {Max....| 78.2 | 71.8 | 70.2 | 78.0 | 71.5 | 69.6 | 75.1 | 70.0 | 68.4 | 74.8 69.5 | 68.8 | 71.0 | 69.3 | 68.7 

\ Min....| 68.8 | 69.5 | 69.5 | 67.8 | 69.2 | 69.1 | 69.1 | 69.5 | 68.3 | 68.5 | 69.0 | 68.5 | 69.3 | 69.2 | 68.2 
9 Max....| 85.7 | 76.9 | 72.8 | 85.0 | 76.4 | 70.9 | 82.1 | 71.6 | 68.7 | 81.9 | 71.8 | 69.3 | 76.2 | 69.8 | 69.0 

Min....| 68.5 | 70.0 | 70.1 | 67.5 | 69.5 | 69.4 | 68.9 | 69.9 | 68.6 | 67.9 | 69.2 | 69.0 | 69.5 69.6 | 68.8 
3 Max....| 84.0 | 78.1 | 75.0 | 83.1 | 77.5 | 72.8 | 82.0 | 74.0 | 70.2 | 81.5 | TEEN rally 7k! WV rater |) GRE 
PTET TSR eu onde aledl|| SE4aNeverON| TO e4alavaeo | 6909) |) Ten) | WL -On TORO ero oe lea Osi 
4 { Max....| 77.6 | 74.6 | 74.3 | 76.9 | 74.0 | 73.1 | 76.6 | 74.1 | 71.1 | 75.9 | 73.5 | 72.0 | 75.3 | 72.4 | 70.4 

\ Min....| 72.0 | 73.0 | 73.0 | 71.3 | 72.5 | 72.1 | 72.8 | 73.2 | 70.9 | 71.6 | TPA rAbey BS 24-0) |] 700 
5 { Max....| 83.0 | 75.7 | 72.6 | 82.0 | 74.9 | 71.1 | 80.4 | 72.4 | 71.0 | 79.7 | 72.0 | 71.2 | 76.1 | 72.2 | 70.7 

\ Min....] 68.0 | 70.4 | 70.7 | 67.0.| 70.0 | 70.2 | 68.8 | 71.0 | 70.1 | 68.0 | 70.1 | 70.5 | 71.4 | 71.5 70.5 
Ole ee 83.5 | 77.5 | 73.9 | 82.4 | 76.2 | 71.6 | 81.7 | 73.4 | 70.6 | 80.7 | 73.0 | 71.1 | 77.3 | 72.0 | 70.7 

Min....| 67.4 |-71.0 | 71.0 | 66.4 | 70.3 | 70.5 | 68.8 | 71.4 | 70.1 | 67.5 | 69.7 |. 70.5 | 71.4 | 71.5 | 70.1 
8 {Max....| 75.6 | 73.6 | 73.6 | 75.6 | 73.4 | 72.4 | 75.6 | 74.0 | 71.6 | 74.8 | 72.4 | 72.0 | 74.9 | 72.9 | 71.1 

| Min....| 70.5 | 72.1 | 72.5 | 69.0 | 71.3 | 71.6 | 72.1 | 72.9 | 71.1 | 71.5 | 72.0 | 71.5 | 73.4 | 72.5 | 71.0 
9 {Max....| 75.9 | 71.1 | 69.7 | 76.1 | 71.0 | 69.7 | 74.2 | 70.7 | 70.8 | 73.1 | 69.3 | 70.9 | 72.0 | 72.3 | 71.2 
”)Min....| 61.5 | 67.0 | 68.4 | 59.0 | 66.1 | 68.2 | 63.9 | 69.1 | 69.5 | 62.9 | 67.1 | 69.2 | 67.9 | 70.9 | 70.8 

10 Max....| 75.6 | 70.0 | 68.1 | 75.5 | 69.6 | 68.5 | 73.4 | 68.9 | 69.3 | 72.3 | 67.5 | 69.1 | 70.5 | 70.7 | 70.2 
\ Min....] 60.0 | 65.5 | 66.7 | 58.1 | 64.7 | 67.0 | 62.0 | 67.3 | 67.9 | 60.8 | 65.0 | 67.6 | 66.0 | 69.3 70.0 
W Max 76.6 | 70.5 | 68.4 | 76.4 | 70.1 | 67.9 | 74.0 | 67.9 | 68.0 | 73.1 | 66.8 | 68.0 | 70.4 | 69.3 | 69.5 
Min 61.5 | 65.8 | 66.5 | 59.9 | 65.4 | 66.7 | 62.9 | 66.8 | 67.1 | 61.5 | 65.1 | 66.9 | 66.0 | 68.4 | 68.9 

12 Max 74.8 | 70.9 | 69.0 | 74.2 | 70.4 | 68.6 | 73.5 | 68.8 | 67.6 | 72.3 | 67.8 | 67.9 | 70.9 | 68.8 | 68.3 
“\ Min 64.5 | 67.2 | 67.7 | 63.6 | 66.8 | 67.7 | 65.6 | 67.7 | 67.2 | 64.6 | 66.5 | 67.3 | 67.8 | 68.3 | 68.0 
13 Max 70.6 | 68.5 | 67.4 | 70.2 | 68.1 | 67.6 | 70.3 | 67.5 | 67.5 | 69.0 | 66.4 | 67.5 | 68.5 | 68.5 | 68.1 
Min 59.3 | 64.6 | 65.9 | 58.6 | 64.1 | 66.4 | 61.5 | 66.1 | 66.5 | 59.9 | 64.7 | 66.4 | 65.1 | 67.4 | 67.9 

15 Max 70.0 | 65.9 | 64.6 | 69.1 | 65.2 | 65.2 | 68.1 | 64.9 | 65.5 | 67.4 | 63.5 | 65.3 | 65.1 | 66.2 | 66.5 
° | Min 56.8 | 62.0 | 63.2 | 56.0 | 61.7 | 64.0 | 58.6 | 63.5 | 64.4 | 57.2 | 61.9 | 64.1 | 61.9 | 65.1 | 66.4 
16 { Max 64.4 | 64.6 | 65.3 | 64.1 | 64.5 | 65.2 | 64.0 | 65.0 | 64.6 | 63.9 | 64.1 | 64.6 | 64.5 | 65.3 | 65.5 
\ Min 63.0 | 64.0 | 64.5 | 62.6 | 63.7 | 64.7 | 63.1 | 64.4 | 64.5 | 62.8 | 63.6 | 64.5 | 64.0 | 65.1 | 65.4 
17 Max 67.0 | 65.2 | 65.1 | 67.1 | 65.2 | 65.0 | 65.6 | 64.9 | 64.3 | 66.0 | 64.5 | 64.4 | 65.6 | 64.9 | 65.1 
Min 64.2 | 64.2 | 64.5 | 64.0 | 64.1 | 64.6 | 64.1 | 64.5 | 64.1 | 64.2 | 63.9 | 64.4 | 64.6 | 64.7 | 64.8 

18 Max 63.2 | 63.5 | 63.6 | 63.9 | 63.5 | 64.1 | 63.6 | 64.0 | 64.4 | 63.5 | 63.2 | 64.6 | 63.9 | 65.0 | 64.8 
Min 59.4 | 62.0 | 63.0 | 58.5 | 61.7 | 63.5 | 60.6 | 63.3 | 63.7 ! 60.6 | 62.6 | 63.8 | 62.5 | 64.2 | 64.6 

19 Max 66.3 | 63.7 | 62.6 | 66.7 | 63.9 | 62.6 | 65.4 | 62.4 | 63.5 | 65.1 | 62.0 | 63.5 | 63.8 | 64.1 | 64.5 
Min 57.6 | 59.6 | 61.0 | 55.0 | 59.3 | 61.5 | 58.2 | 61.4 | 62.5 | 59.2 | 60.5 | 62.4 | 59.3 | 63.0 | 63.8 

20 Max 64.9 | 63.0 | 62.9 | 65.3 | 63.1 | 62.9 | 63.0 | 62.7 | 62.7 | 63.2 | 62.2 | 63.0 | 63.3 | 63.5 | 63.8 
Min 59.9 | 61.3 | 62.3 | 59.3 | 61.2 | 62.6 | 60.1 | 62.2 | 62.3 | 60.1 | 61.6 | 62.5 | 61.5 | 62.8 | 63.2 

99 Max 55.6 | 56.7 | 57.5 | 55.5 | 56.7 | 58.6 | 55.5 | 58.0 | 60.7 | 55.6 | 56.9 | 60.2 | £6.5 | 61.3 | 63.0 
Min 50.7 | 54.8 | 56.7 | 49.6 | 54.5 | 57.9 | 51.8 |-57.1 | 59.5 | 51.8 | 56.1 | 59.0 | 55.0 | 60.1 | 62.5 
23{ Me 58.9 | 57.6 | 56.9 | 59.2 | 58.2 | 57.4 | 58.1 | 56.2 | 58.7 | 58.1 | 55.9 | 58.2 | 56.6 | 59.4 | 61.9 
Min 47.9 | 52.5 | 54.7 | 47.4-| 52.0 | 56.0 | 48.9 | 54.9 | 57.7 | 48.4 | 54.0 | 57.2 | 52.3 | 58.0 | 61.0 

24 { Mo 67.6 | 62.0 | 59.5 | 69.5 | 63.0 | 59.5 | 64.7 | 58.0 : 57.8 | 65.0 | 58.5 ) 57.7 | 59.9 | 58.0 | 60.2 
Min 53.0 | 55.5 | 56.6 | 52.6 | 56.0 | 57.7 | 53.4 | 56.1 | 57.5 | 53.5 | 55.7 | 57.5 | 54.9 | 57.5 | 59.6 

25 { Max 70.4 | 64.8 | 62.1 | 71.1 | 65.1 | 61.6 | 67.0 | 60.4 | 58.9 | 67.2 | 60.9 | 59.5 | 62.4 | 58.7 | 59.6 
Min. 56.4 | 59.5 | 59.9 | 55.5 | 59.7 | 60.3 | 57.1 | 58.8 | 58.9 | 57.0 | 58.5 | 59.4 | 57.8 | 58.4 | 59.5 
26{ Min 61.6 | 63.0 | 63.1 | 60.7 | 62.9 | 63.0 | 61.4 | 62.0 | 60.6 | 61.4 | 61.9 | 61.4 | 61.5 | 59.9 | 59.9 
Min 60.1 | 61.5 | 62.0 | 59.4 | 61.4 | 61.9 | 59.9 | 61.2 | 60.2 | 59.8 | 60.7 | 61.2 | 60.3 | 59.5 | 59.7 

27 { Mae 65.2 | 61.1 | 59.5 | 66.1 | 61.5 | 59.9 | 63.1 | 59.0 | 60.6 | 62.7 | 58.2 | 60.7 | 59.6 | 59.9 | 60.5 
*\ Min 50.3 | 56.1 | 57.6 | 49.0 | 55.5 | 58.5 | 51.7 | 57.5 | 59.3 | 51.5 | 56.6 | 59.2 | 55.0 | 58.9 | 60.1 
29 { Max 64.2 | 62.0 | 61.2 | 64.4 | 62.1 | 61.1 | 63.0 | 60.4 | 59.5 | 63.0 | 60.0 | 59.8 | 61.4 | 59.1 | 59.9 

\ Min 60.2 | 60.5 |. 60.5 | 60.0 | 60.5 | 60.6 | 59.6} 59.8 | 59.3 | 59.5 | 59.4 | 59.5 | 59.3 | 59.0 | 59.8 
30 { Max 68.5 | 64.6 | 62.9 | 69.3 | 64.9 | 62.2 | 66.8 | 62.0 | 60.5 | 66.7 | 61.2 | 60.9 | 64.4 | 60.0 | 60.0 

\ Min 61.9 | 61.7 | 61.7 | 61.6 | 61.6 | 61.5 | 61.5 | 61.1 | 60.0 | 61.5} 60.7 | 60.5 | 61.4 | 59.8 | 59.9 

Max..| 71.11) 67.57} 66.22) 71.02| 67.42] 65.85) 69.55) 65.89) 65.27) 69.15] 65.27) 65.49) 67.30) 65.95) 65.87 
Ave.{ Min. .| 61.41) 64.05| 64.74) 60.40! 63.70) 64.85) 62.25) 64.78) 64.66) 61.72) 63.78) 64.81) 64.04| 65.30} 65.51 
Range| 9.70| 3.52) 1.48] 10.62) 3.72| 1.00) 7.30) 1.11} 0.61] 7.43) 1.49) 0.68} 3.26) 0.65) 0.36 
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TABLE 49—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TPYES OF SOIL, NOT COVERED - 


Date— Gravel. Sand Loam. Clay. Peat. 
Maximum, |. aoe Ee ae. | 
minimum. | g* | 12”) 18° | 6” ) 12°, 187 | 6” | 12") 18” | 6” | 12°) 18° | 6F | 1274 48” 
"1 Max....| 66.4 | 64.1 63.1 66.2 64.1 | 62.7 | 65.6 62.6 | 62.6 65.8 | 61.9 | 61.9 | 64.2 61.3 | 61.0 
| Min....| 61.2 | 62.4 | 62.5 | 60.2 | 62.3 | 62.3 | 62.9 | 61.6 | 61.2 | 62.1 | 61.3 | 61.8 | 62.4 | 61.2 | 60.6 
| | | } | 
5 {Max....| 58.6 | 61.5 62.5 | 57.7 61.0 | 62.4 | 59.9 | 62.4 | 61.8 | 59.7 | 61.6 | 62.2 | 61.6 | 61.9 | 61.5 
2{Min....) 57-1 | 59.5 60:8 | 56.1 | 59.1 | 61.2 | 58.0 | 61.0 | 61.4 | 58.1 | 59.8 | 61.6 | 59.9 | 61.5 | 61.4 
| | | | | 
3 { Max 63.0 | 61.0 59.9 62.6 | 61.1 | 59.7 | 62.1 59.5 | 60.6 | 62.1 59.1 | 60.5 | 61.4 | 61.0 | 61.5 
\ Min 54.5 | 57.4 | 58.3 | 53.8 | 56.9 | 59.0 | 55.6 | 58.8 | 59.6 | 55.6 | 58.0 | 59.7 | 57.7 | 60.0 | 61.1 
4 { Max 64.6 | 61.3 | 59.6 | 65.6 | 61.6 | 59.4 63.0 59.0 | 59.8 62.6 58.1 59.9 60.4 60.4 | 61.2 
\ Min 52.1 | 56.7 | 57.9 | 50.4 | 56.0 | 58.3 | 53.6 | 57.9 | 59.0 | 53.5 | 57.0 | 58.9 | 56.1 | 59.4 | 60.7 
{ Max 69.9 | 64.4 62.0 70.7 | 64.9 | 61.4 | 67.0 | 61.0 | 59.7 | 67.0 | 59.8 | 60.2 | 63.8 | 59.9 | 60.3 
\ Min 57.1 | 59.6 | 59.9 | 55.9 | 59.2 | 60.0 | 57.6 | 59.6 | 59.4 | 57.6 | 58.9 | 59.8 | 59.0 | 59.6 | 60.0 
~ { Max 71.5 | 66.4 | 63.9 71.9 | 66.6 | 62.9 | 68.6 62.6 | 60.6 68.6 | 62.4 61.4 | 65.8 | 60.8 | 60.5 
”) Min 60.7 | 62.4 | 62.1 | 59.6 | 62.0 | 61.9 | 61.1 | 61.6 | 60.5 | 61.0 | 60.6 | 61.3 | 61.8 | 60.7 | 60.3 
| 
¢ { Max 67.6 | 65.7 | 64.6 | 67.5 | 65.6 | 64.0 | 67.1 63.9 | 62.0 | 67.2 | 63.8 | 62.7 | 66.0 | 62.1 | 61.4 
8) Min 64.4 | 64.4 | 64.1 | 63.6 | 64.1 | 63.6 | 64.2 | 63.5 | 61.7 | 64.2 | 63.0 | 62.5 | 64.3 | 61.9 | 61.0 
o{Max....| 69.2 | 66.0 64.5 (69.4 66.1 | 63.7 | 68.4 | 63.9 | 62.5 68.4! 63.8 63.2 | 66.4 | 62.8 | 62.0 
9\ Min....| 61.5 | 63.0 | 63.3 | 60.2 | 62.6 | 62.9 | 62.5 | 63.3 | 62.3 | 62.3 | 62.4 | 62.9 | 63.2 | 62.6 | 61.9 
10 { Max 70.0 | 66.8 | 65.0 | 71.0 67.1 | 64.3 | 68.7 | 64.6 | 62.7 | 68.5 | 64.1 | 63.5 | 67.1 | 63.3 | 62.6 
\ Min 63.0 | 63.9 | 63.9 | 62.3 | 63.6 | 63.5 | 63.5 | 63.9 | 62.7 | 63.4 | 63.0 | 63.2 | 64.6 | 63.2 | 62.5 
11 | Max 64.2 | 65.1 65.1 63.4 65.0! 64.9 64.3 65.3 | 63.7 | 64.7 | 63.8 | 64.0 65.7 | 64.1 63.1 
Min 61.6 | 63.7 | 64.0 | 60.4 | 63.6 | 64.0 | 62.5 | 64.1 | 63.4 | 62.0 | 62.5 | 63.6 | 64.3 | 64.0 | 63.0 
| | 
13 | Max 56.6 | 55.8 66.1 56.4 55.9 | 57.5 | 56.1 56.9 | 59.9 55.5 | 55.2 | 59.4 55.2 | 60.9 | 62.5 
Min 45.9 | 52.4 | 54.5 | 43.9 | 51.8 | 56.0 | 48.9 | 55.1 | 58:0 | 49.0 | 52.5 | 57.4 | 52.3 | 59.0 | 61.5 
14 { Max 59.1 | 56.1 55.2 60.7 | 57.1 | 56.0 | 57.2 55.0 | 57.2 | 56.9 | 53.4 | 56.6 | 55.0 | 58.0 | 59.5 
Min 47.5 | 52.1 | 58.6 | 47.0 | 51.9 | 54.9 | 49.0 | 58-9 | 56.1 | 48.9 | 52.0 | 55.7 | 51.9 | 56.7 | 58.6 
| 
15 { Max 59.6 | 57.1 56.4 60.6 | 57.7 | 56.9 | 57.9 55.4 | 56.3 57.9 | 54.1 | 56.2 55.9 | 56.6 | 59.1 
5) Min 51.0 | 54.2 | 55.7 | 50.3 | 54.4 | 56.1 | 51.8 | 54.6 | 56.0 | 51.6 | 53.1 | 55.9 | 53.4 | 56.1 | 57.4 
| | 
16 ( Max 55.7 | 56.0 56.8 55.8 56.3 | 57.5 54.9 56.1 | 56.4 | 55.1 | 55.0 | 56.5 55.1 | 56.4 | 57.1 
Min 53.1 | 55.2 | 56.1 | 52.6 | 55.3 | 56.9 | 53.4 | 55.6 | 56.3 | 53.5 | 53.9 | 56.4 | 54.6 | 56.3 | 56.8 
17 Max 57.7 | 56.5 | 56.4 | 57.8 | 56.6 | 56.8 | 56.8 | 55.7 | 56.3 | 57.1 | 54.4 | 56.3 | 56.0 | 56.1 | 59.2 
7\ Min 53.8 | 55.0 | 55.8 | 53.1 | 55.1 | 56.5 | 53.8 | 55.3 | 56.0 | 54.0 | 53.7 | 56.1 | 54.4 | 55.8 | 57.2 
13 { Max 62.6 | 54.5 56.1 | 51.6 | 54.4 | 57.0 | 53.0 56.1 | 56.5 | 53.0 | 55.1 | 56.9 | 54.8 | 56.3 | 57.5 
| Min 51.0 | 53.5 | 55.0 | 49.7 | 53.2 | 55.7 | 51.5 | 54.8 | 56.1 | 51.6 | 52.9 | 56.1 | 53.6 | 56.1 | 57.4 
og { Max 47.5 | 49.0 | 50.4 | 47.0 | 49.1 | 51.8 | 47.1 | 50.5 | 53.4 47.3 | 49.2 | 53.0 | 48.6 | 53.4 | 56.1 
20 Min 44.0 | 47.7 | 49.8 | 43.6 | 47.4 | 51.1 | 44:9 | 49.7 | 52.6 45.1 | 47.1 | 52.0 | 47.2 | 52.5 | 55.5 
91 { Max 47.8 | 48.7 | 49.6 | 47.8 | 48.9 | 50.9 | 46.9 | 49.1 | 51.9 | 46.9 | 48.4 | 51.5 | 47.9 | 52.0 | 55.2 
21) Min 43.6 | 47.1 | 48.6 | 43.5 | 47.1 | 50.1 | 43.9 | 48.4 | 51.2 | 44.1 | 46.1 | 50.9 | 46.4 | 51.2 | 54.4 
oo | Max 44.1 | 46.4 | 48.4 43.9) 46.4 | 50.0 | 43.5 48.1 | 50.9 43.5 | 47.4 | 50.6 | 45.9 | 50.8 | 53.8 
22) Min 41.5 | 45.5 | 47.6 40.0) 45.4 | 49.1 | 41-8 | 47.0 | 50.1 | 43.0 | 44.9 | 49.6 | 45.1 | 50.0 | 53.2 
93 { Max 41.5 | 44.0 | 46.5 | 40.2 | 43.8 | 48.1 | 40.8 | 45.8 | 49.3 41.4 | 44.8 | 48.7 | 43.4 | 49.3 | 52.4 
231 Min 38.9 | 42.9 | 45.2 | 38.8 | 42.8 | 46.5 | 39.5.| 44.2 | 48.1 | 39.7 | 43.1 | 47.8 | 41.7 | 48.2 | 52.1 
o4 { Max 47.8 | 46.5 | 46.2 | 47.6 | 46.7 | 46.9 | 46.5 | 47.1 | 47.5 47.0 | 43.6 | 47.2 | 43.8 | 47.0 | 50.9 
241 Min 41.4 | 43.1 | 44.9 | 40.6 | 43.3 | 45.9 | 40.9 } 44.0 | 46.9 | 41.3 | 42.0 | 46.7 | 41.0 | 45.9 | 49.8 
os { Max 46.0 | 46.2 46.6 45.6 | 46.4 | 47.5 | 45.6 | 45.7 | 47.5 | 45.9 | 45.4 | 47.5 | 43.7 | 46.2 | 49.4 
25) Min 39.9 | 44.3 | 45.6 |.38.1| 44.0 | 46.8 | 40.8 | 44.9 | 47.3 | 41.1 | 42.9 | 47.2 | 42.1 | 45.8 | 49.0 
oy | Max 45.0 | 46.1 | 47.2 | 44.9 | 46.3 | 48.1 | 44.4 | 46.5 | 47.6 | 44.8 | 45.2 | 47.7 | 44.4 | 45.9 | 48.5 
271 Min 43.9 | 45.9 | 46.8 | 43.3 | 45.9 | 47.9 | 44.0 | 46.0 | 47.5 | 44.4 | 44.2 | 47.5 | 44.0 | 44.9 | 48.4 
og { Max 44.9 | 45.8 | 46.6 | 44.4 | 45.8 | 47.6 | 44.3 | 45.6 | 47.2 | 44.8 | 43.5 47.6 | 44.2 | 46.1 | 48.4 
| Min 43.4 | 45.0 | 46.1] 42.9 | 45.1 | 47.3 | 42.9 | 45.4 | 47.2 | 43.5 | 43.1 | 47.3 | 43.6 | 45.9 | 48.3 
29 { Max 45.1 | 45.9 46.6 | 44.6 | 46.1 | 47.5 |:44.9 | 45.7 | 47.3 | 45.3 | 44.8 | 47.4 | 44.2 | 45.9 | 48.3 
Min 43.4 | 45.0 | 46.1 | 42.5 | 45.1 | 47.1 | 43.0 | 45.5 | 47.1 | 43.5 | 43.1 | 47.2 | 43.4 | 45.7 | 48.1 
api Max 42.2 | 44.1 | 45.9 | 41.0 | 44.0 | 47.1 | 41.7 | 45.5 | 47.3 | 42.4 | 44.6 | 47.4 | 43.1 | 45.8 | 48.1 
Min 39.9 | 42.7 | 44.9 | 38.6 | 42.5 | 46.0 | 39.5 | 44.0 | 46.6 | 40.6 | 42.9 | 46.5 | 41.6 | 45.5 | 48.0 
31 { Max 40.7 | 42.8 44.0 | 40.9 | 42.7 | 45.2 | 40.9 | 43.5 | 46.0 40.9 | 42.5 | 46.1 | 40.8 | 45.0 | 47.9 
\ Min 38.6 | 41.6 | 43.5 | 38.8 | 41.4 | 44.7 | 38.9 | 42.9 | 45.6 | 39.4 | 40.9 | 45.4 | 40.0 | 44.4 | 47.5 
————— | | | ees, fee a ae 
Max..| 55.51| 54.96) 55.01 55.44 55.09] 55.47) 54.71| 54.56) 55.35 54.83| 53.52| 55.41 54.24) 55.16) 56.63 
Ave.; Min. .| 60.15) 62.82 53.94 49.25 52.63) 54.64) 50.74) 53.58) 54.81 50.89] 52.03) 54.85 52.21 54.60, 56.14 
Range 5.36) 2.14 1.07, 6.19, 2.46, 0.83| 3.97) 0.98| 0.54 3.94] 1.49| 0.56 2.03) 0.56, 0.49 


EXPERIMENT STATION 
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TABLE 50—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, NOVEMBER, 1913. 


Max.... 
Min.... 


Gravel. Sand. Loam. Clay. Peat. 

GPs ize [18k er paz oes eC ey Sie dhe BP ee AB eee ete 
41.9 42.4 | 42.9 | 41.5 | 42.6 | 44.4 | 40.7 | 42.5 | 45.4 | 40.7 | 41.2 | 45.0 | 40.2 | 44.1 
36.6 | 40.0 | 42.1 | 35.9 | 40.0 | 43.8 | 37.1 | 41.8 | 44.7 | 37.9 | 40.1 | 44.2 | 39.2 | 43.5 
45.1 | 44.4 | 44.4 | 45.4 | 44.7 |.45.2 | 43.2 | 42.9 | 44.1 | 43.9 | 41.0 | 44.1 | 41.6 | 42.7 
41.3 | 42.4 | 43.31 41.0 | 42.8 | 44.5 | 40.3 | 42.3 | 44.0 | 40.5 | 40.0 | 43.8 | 40.0 | 42.6 
42.4 | 43.2 | 44.2 | 42.1 | 43.5 | 45.5 | 41.6 | 43.4 | 44.7 | 41.9 | 42.2 | 44.9 | 41.5 | 43.2 
38.9 | 42.0 | 43.5 | 38.2 | 42.1 | 44.7 | 39.5 | 42.8 | 44.6 | 40.0 | 40.5 | 44.6 | 40.7 | 43.0 
43.4 | 42.6 | 42.9 | 43.9 | 43.1 | 44.4 | 41.8 | 42.3 | 44.7 | 41.8 | 41.4 | 44.6 | 40.0 | 43.1 | 
36.4 | 39.8 | 41.7 | 35.6°| 39.9 | 43.4 | 37.0 | 41.5 | 43.9 | 37.2 | 38.6 | 43.6 | 39.4 | 42.8 
43.6 | 42.4 | 42.4 | 44.2 | 43.0 | 43.9 | 42.1 | 41.9 | 44.1 | 41.9 | 40.5 | 43.9 | 39.5 | 42.9 
36.4 | 39.6. | 41.4-| 35.7 | 39.8 | 43.1 | 37.2 | 41.2 | 43.5 | 37.1) 38.4 | 43.1 | 38.9 ) 42.2 
49.2 | 46.3 | 45.1 | 50.1 | 46.6 | 45.5 | 47.0 | 43.7 | 44.0 | 47.5 | 43.7 | 44.0 | 42.7 | 42.4 | 
42.1 | 42.8 | 43.3 | 42.0 | 43.0 | 44.4 | 41.2 | 42.3 | 43.5 | 41.5 | 39.9 | 43.5 | 40.2 | 42.1 
47.0 | 47.3 | 47.1 | 46.9 | 47.5 | 47.4 | 46.6 | 46.0 | 45.7 | 47.0 | 45.7 | 46.2 | 44.9 | 43.9 
43.3 | 45.8 | 46.5 | 42.4 | 45.8 | 47.2 | 43.7 | 45.7 | 44.9 | 44.0 | 45.0 ( 45.5 | 44.2 | 43.0 | 
35.7 | 39.0 | 41.2 | 34.7 39.0 | 42.8) 36.3 | 41.2 | 44.4 | 36.1 | 40.6 | 44.0 | 39.4 | 43.5 
35.5 | 38.4 | 40.4 | 34.5 | 38.3 | 42.1 | 35.9 | 40.4 | 43.6 | 35.6 | 39.6 | 42.9 | 38.6 | 43.0 
35.9 | 38.4 | 40.0 | 34.9 | 38.1 | 41.5 | 35.6 | 39.7 | 42.8 | 35.4 | 39.0 | 42.1 | 38.0 | 42.4 
35.5 | 38.0 | 39.7 | 34.8 | 38.0 | 41.1 | 35.3 | 39.2 | 42.2 | 35.3 | 38.8 | 41.5 | 37.5 | 41.8) 
35.5 | 37.9 | 39.5 | 35.1 | 38.0 | 41.1 | 35.5 | 39.0 | 41.9 | 36.3 | 38.6 | 41.2; 37.3 | 41.4 | 
35.0 | 37.3 | 39.0 | 34.5 | 37.4 | 40.6 | 34.6 | 38.1 | 41.1 | 34.7 | 37.7 | 40.6 | 36.6 | 40.8 

| | 
39.9 39.8 | 38.8 | 41.2 | 40.0 | 40.4 | 42.9 | 40.1 | 40.9 | 43.9 | 40.5 | 41.2 | 38.6 | 40.5 
34.6 | 36.9 | 38.1 | 34.6 | 37.3 | 39.9 | 36.7 | 38.1 | 40.7 | 38.5 | 38.1 | 40.8 | 36.5 | 40.0 

| | 

39.2 | 39.5 | 39.4} 40.6 | 41.8 | 42.1 42.4 | 41.8 | 42.3 | 42.9 | 42.1 | 42.8 | 40.5 | 40.6 
35.4 | 37.2 | 38.4 | 37.9 | 40.1 | 41.8 | 40.4 | 41.3 | 42.0 | 41.0 | 41.2 | 42.6 | 39.4 | 40.5 
35.5 | 37.9 | 39.4 | 35.5 |-39.1 | 41.9 | 37.6 | 41.5 | 42.8 | 38.0 | 41.4 | 43.1 | 39.3 | 41.1 
3h.2 | 37.4 | 38.7 | 35.4 | 38.4 | 41.1 | 36.8 | 40.5 | 42 5 | 37.2 | 40.2 | 42.6 | 38.2 | 41.0 
40.0 | 39.3 | 29.4 | 40.3 39.9 | 40.9 | 39.4 | 39.6 | 41.5 | 39.7 | 39.5 | 41.6 | 37.3 | 40.4 
35.4 | 37.4 | 38.6 | 34.8 | 37.8 | 40.6 | 36.2 | 39.3 | 41.1 | 36.5 | 38.9 | 41.1 | 37.0 | 40.0 | 
45.1 | 42.9 | 42.0 | 45.7 | 43.5 | 42.8 43.8 | 41.5 | 41.8 | 44.5 | 41.4 | 42.0 | 40.4 | 40.1 | 
40.8 | 40.3 | 40.4 | 41.2 | 40.7 | 41.6 | 40.0 | 40.4 | 41.4 | 40.6 | 40.0 | 41.4 | 38.2 | 39.9 
53.1 | 49.2 | 47.1 | 53.6 | 49.6 | 46.9 | 51.6 | 46.3 | 43.8 52.1 | 46.4 | 44.8 | 47.1 | 42.0 
49.5 | 45.9 | 44.4 | 50.1 | 46.5 | 44.7 | 49.1 | 44.7 | 42.7 | 48.5 | 44.0 | 43.4 | 43.6 | 40.7 | 
54.0 | 51.3 | 49.9 | 54.3 | 51.4 | 49.4 | 52.9 | 49.2 | 46.5 | 53.4 | 49.1 | 47.9 | 50.0 | 44.9 
52.4 | 50.4 | 49.0 | 52.5 | 50.7 | 48.7-| 51.6 | 48.2 | 45.5 | 52.3 | 48.4 | 46.7 | 49.0 | 43.8 
55.8 | 53.4 | 51.7 | 56.2 53.5 | 51.1. 55.0 | 51.2 | 48.5 | 55.5 | 51.7 | 49.7 | 52.4 | 47.1 | 
53.5 | 52.1 | 50.9 | 53.2 | 52.1 | 50.5 | 53.0 | 50.4 | 47.8 | 53.5 | 50.3 | 49.1 | 51.2 | 46.2 
57.0 | 54.1 | 52.6 | 57.4 | 54.1 | 52.0 | 56.1 | 52.5 | 50.0 | 56.6 ) 52.5 | 51.1 | 53.7 | 49.1 
53.3 | 52.8 | 52.0 | 53.0 | 52.8 | 51.5 | 53.4 | 51.9 | 49.5 | 53.6 | 52.0 | 50.8 | 52.4 | 48.3 

| 
42.5 | 45.1 | 47.4 | 41.4 | 44.7 | 48.3 | 42.7 | 48.1 | 49.9 | 42.8 | 47.6 | 50.0 | 46.8 | 50.0 
40.2 | 43.8 | 45.9 | 38.5 | 3.7 | 46.6 | 42.0 | 46.4 | 48.7 | 42.1 | 45.9 | 49.1 | 45.6 | 49.1 
39.9 41.6 | 44.1 | 39.5 | 41.5 | 45.5 | 39.3 | 44.8 | 47.5 | 39.9 | 44.0 | 47.1 | 43.8 | 48.2 
37.3 | 40.8 | 42.3 | 36.2 | 40.5 | 44.1 | 37-8 | 43.1 | 46.1 | 37.9 | 42.5 | 45.6 | 42.1 | 47.0 
42.0 | 42.8 | 43.4 | 41.5 | 42.9 | 44.4 | 41.6 | 43.0 | 45.2 42.0 | 43.0 | 44.9 | 42.5 | 46.0 
40.4 | 41.8 | 43.0 | 40.0 | 42.0 | 44.2 | 40.3 | 42.9 | 44.8 | 40.7 | 42.6 | 44.6 | 42.0 | 45.4 
40.6 42.1 43.0 | 40.2 42.1 | 44.4 | 40.6 | 42.9 | 44.7 | 41.2 | 42.7 | 44.6 | 42.0 | 44.9 | 
39.7 | 41.8 | 43.0 | 39.0 | 41.8 | 44.0 | 39.9 | 42.6 | 44.4 | 40.4 | 42.5 | 44.2 | 41.7 | 44.5 

| | 
42.4 | 42.5 | 42.9 | 42.3 | 42.6 | 43.9 | 41.6 | 42.5 | 44.1 | 42.4 | 42.5 | 44.1 | 41.8 | 44.1 
39.9 |.41.5 | 42.6 | 39.4 | 41.6 | 43.7 | 39.7 | 42.2 | 43.9 | 40.5 | 42.1 | 43.9 | 41.4 | 43.8 
44.0 43.9 44.1 | 43.9 44.1 | 44.9 43.4 | 43.4 | 44.1 | 43.9 | 43.7 | 44.4 | 42.7 | 43.7 
42.9 | 43.2 | 43.6 | 42.6 | 43.4 | 44.5 | 42.3 | 43.1 | 43.9 | 43.0 | 43.1 | 44.1 | 42.4 | 43.6 
43.63) 43.57 43.80| 43.70) 43.88] 44.82) 43.25] 43.64) 44.62) 43.65 43.28) 44.77) 42.56 43.69 
40.46) 42.38 42.87| 40.12) 42.26] 44.10 40.84] 42.82) 44.04) 41.20 42.02) 44.13) 41.44| 43.14 
3.17) 1.19 0.93) 3.58! 1.62) 0.72) 2.41] 0.82) 0.58; 2.45) 1.26] 0.64) 1.12) 0.55 
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TABLE 51—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, DECEMBER, 1913. 


Date— | Gravel. Sand. Loam. | Clay. Peat. 
Maximum, fie. is | = 
minimum. | g” ; 12° , 18” | 6” , 12”, 18” | 6” | 12”) 18” | 6” , 12”, 18” | 6” | 12° ) 18° 
(Max....| 50.9 | 49.6 | 48.9 | £0.7 | 49.7 | 48.6 50.0 | 48.1 46.6 50.6 | 48.5 | 47.4 | 48.4 | 45.5 | 45.9 
1 | 
{Min....| 50.4 | 49.1 | 48.2 | 50.3 | 49.3 | 48.1 | 49.5 | 47.4 | 45.9 | 50.1 | 47.7 | 46.6 | 47.0 | 44.9] 45.6 
5 {Max....| 51.5 | 50.3 | 49.6 | 51.9 | 50.3 | 49.6 | 50.7 | 49.1 | 47.6 51.2 | 49.5 | 48.5 | 49.5 | 46.9 | 46.8 
2\ Min....| 49.9 | 49.5 | 49.1 | 49.5 | 48.9 | 49.0 | 49.5 | 48.6 | 47.4 | 50.0 | 48.9 | 48.1 | 48.7 | 46.4 | 46.3 
{Max....| 47.9 | 49.2 | 49.5 | 47.2 | 49.1 | 49.5 48.4 | 49.3 48.4 | 48.8 | 49.4 | 49.0 | 48.9 | 47.8 | 48.0 
fan 46.6 | 48.3 | 48.6 | 46.0 | 48.1 | 48.9 | 47-4 | 48.6 | 48.3 | 47.8 | 48.6 | 48.9 | 48.4 | 47.5 | 47.4 
| | | 
g{Max....| 44.9 | 45.5 | 46.3 | 44.5 | 45.4| 47.1 44.6 | 46.9 48.0 44.9 47.4 | 48.3 | 45.5 | 47.7 | 48.4 
in| 41.3 | 44.1 | 45.5 | 40.41 43.9 | 46.4 | 41.9 | 45.8 | 47.1 | 42.4 | 45.6 | 47.1 | 44.8 | 47.2 | 48.2 
;{Max....| 43.5 | 44.3 | 45.0 | 43.3 | 44.3 46.0 43.4 | 4.50 | 46.7 | 43.3 | 44.6 | 46.7 | 43.9 | 46.6 | 48.4 
5) Min 40.1 | 43.1 | 44.4 | 39.2 | 43.0 | 45.4 | 40.7 | 44.4 | 46.0 | 41.1 | 44.1 | 45.9 | 43.3 | 46.3 | 48.0 
g{Max....| 42.4 | 43.0 | 44.0 | 42.0 | 43.0 | 45.1 | 41.8 | 43.9 | 45.7 | 42.2 | 43.4 | 45.5 | 42.8 | 45.7 | 47.9 
Min....| 38.9 | 41.9 | 43.5 | 37.6 | 41.8 | 44.5 | 39.4 | 43.2 | 45.1 | 39.5 | 42.7 | 44.8 | 41.4 | 45.2 | 47.3 
| | | | 
g{Max....| 35.0 | 39.0 | 41.3 | 34.9 | 39.5 | 43.1 | 36.5 | 41.5 44.4 36.5 | 41.1 | 44.0 | 40.5 | 44.3 | 47.3 
Min. ...| 34.4 | 37.9 | 40.1 | 34.5 | 38-4 | 42°1 | 35.8 | 40.4 | 43.4 | 35-7 | 39.8 | 42.8 | 39.4 | 43.6 | 46.4 
o{Max....| 33.4 | 37.1 | 39.3 | 33.1 | 37.6 | 41.5 34.9 | 39.7 42.7 | 34.5 | 39.4 | 42.0 | 38.4 | 42.9 | 45.6 
91 Min. |_|] 33.0 | 36.4 | 38.5 | 32.9 | 36.9 | 40.6 | 34.4 | 38.7 | 42.0 | 34.0 | 38.0 | 41.2 | 37.4 | 42.0 | 45.2 
io Max....| 33.6 | 36.4 | 38.1 | 33.5 | 36.8 | 40.2 34.3) 38.4 41.4 34.2 | 37.5 | 40.5 | 36.8 | 41.5 | 44.6 
Min. ...| 33.5 | 36-2 | 37-9 | 33.3 | 36.8 | 40.0 | 34.1 | 38.0 | 41.0 | 34:1 | 37-3 | 40.2 | 36.1 | 40.9 | 44.1 
11 {Max....| 33.6 | 36.4 | 38.0 | 33.4 | 37.0 | 39.9 34.2 | 37.9 40.8 34.4 | 37.4 | 40.0 | 36.5 | 40.4 | 43.5 
Min....| 33.1 | 35.9 | 37.4 | 32.8 | 36.3 | 39.5 | 33.7 | 37.3 | 4.02 | 33.9 | 36.8 | 39.6 | 35.9 | 39.9 | 43.0 
12 {Max....| 33.4 | 36.8 | 37.4 | 33.4 | 36.3 | 39.5 | 33.7 | 37.2 | 40.0 | 33.8 | 36.7 | 39.4 | 35.7 | 39.5 | 42.8 
2\ Min. ...| 33.1 | 35.5 | 37.1 | 32.7 |-36.0 | 38.9 | 33.4 | 36.8 | 39.6 | 33.5 | 36-4 | 38.9 | 35.3 | 38.9 | 42.0 
| 
13 { Max....| 37.2 | 37.0 | 37.5 | 37.4 | 37.6 | 39.1 | 33.6 | 36.9 39.4 34.1 | 36.5 | 38.9 | 35.2 38.8 | 42.1 
3{ Min.. || 33/8 | 35.9 | 37:1 | 33.6 | 36.4 | 39.0 | 33.5 | 36.6 | 39.1 | 34.0 | 36-4 | 38.7 | 34.2 | 38.4 | 41.4 
15 /Max....| 34.1 | 36.6 | 37.9 | 33.5 | 36.8 39.4 34.4 | 37.2 | 39.4 34.9 | 37.1 | 39.2 | 35.0 38.0 | 40.9 
Min. ...| 33.7 | 36.1 | 37.4 | 33.1 | 36.2 | 38.9 | 34.0 |°37.0 | 39.1 | 34.5 | 36.9 | 38.8 | 34.0 | 37.7 | 40.5 
| i 
1g {Max....| 37.8 | 38.0 | 38.2 | 37.6 | 38.3 39.4 36.6 | 37.2 | 39.0 | 37.3 | 37.3 | 38.8 | 33.9 | 37.6 | 40.5 
| Min....| 35.0 | 36.4 | 37.3 | 34.8 | 36.5 | 38.7 | 34.0 | 36.8 | 38.9 | 34.5 | 36.6 | 38.7 | 33.8 | 37.5 | 40.2 
| | | | 
17 {Max....| 36.1 | 37.3 | 38.1 | 35.7 | 37.6 | 39.6 | 35.7 | 37.5 39.3 | 37.5 | 37.7 | 39.2 | 34.7 | 37.5 | 40.3 
Min... .| 35.2 | 36.9 | 38.0 | 34.6 | 37.1 | 39.2 | 34/8 | 37.3 | 39.0 | 35.5 | 37-4 | 39.0 | 33.8 | 37.4 | 40.0 
1g Max...) 34.4 | 36.5 | 37.8 | 33.7 | 36.6 39.0 34.6 | 37.4 39.3 | 35.1 | 37.4 | 39.1 | 34.6 | 37.4 | 40.0 
\ Min... .|.34.1 | 36.4 | 37.6 | 33.6 | 36.5 | 38.7 | 34.3 | 37.2 | 39.1 | 34.9 | 37.2 | 39.0 | 34.5 | 37.2 | 39.9 
19 { Max...) 33.3 | 35.9 | 37.2 | 32.5 | 36.0 | 38.6 | 33.9 | 36.9 | 38.9 | 34.3 | 37.0 | 38.8 | 34.5 | 37.4 | 40.1 
\ Min. ...| 33:1 | 35.4 | 36.7 | 32:4 | 35.4 | 38-2 | 33.5 | 36.6 | 38.6 | 34.0 | 36.5 | 38.5 | 33.4 | 37.1 | 39.8 
| 
2p { Max... 33.1 | 35.2 | 36.6 | 32.6 | 35.5 | 38.2 | 33.4 | 36.4 | 38.7 | 33.8 | 36.3 | 38.4 | 34.4 | 37.1 | 39.8 
20) Min... .| 33.1 | 35.1 | 36.5 | 32.4 | 35.3 | 37.9 | 33.4 | 36.3 | 38.4 | 33.6 | 36.1 | 38.1 | 34.3 | 37.0 | 39.7 
99 {Max....| 32.2 | 34.4 | 35.9 | 31.4 | 34.4 | 37.5 | 32.8 | 35.9 | 38.1 | 32.6 | 35.5 | 37.9 | 34.1 | 37.1 | 39.6 
22 Min... .| 30.1 | 33.9 | 35.2 | 26.5 | 33.9 | 36.9 | 32.3 | 35.5 | 37.8 | 32.2 | 35.0 | 37.2 | 33.7 | 36.6 | 39.2 
2g { Max | 32.3 | 33.9 | 35.3 | 31.8 | 33.9 | 36.8 | 32.3 | 35.1 | 37.5 | 32.4 | 34.8 | 37.1 | 33.5 | 36.5 | 39.0 
23\ Min. ...| 31.5 | 33.6 | 35.0 | 30.5 | 33.6 | 36.6 | 32-1 | 35.0 | 37.3 | 32.2 | 34-7 | 36.8 | 33.4 | 36.4 | 38.9 
24 { Max. | 32.3 | 33.8 | 35.1 | 32.1 | 33.9 | 36.6 | 32.2 | 35.1 | 37.1 | 32.5 | 34.6 | 36.6 | 33.3 | 36.2 | 38.7 
24) Min... .| 32.2 | 33.6 | 34.9 | 32.0 | 33.8 | 36.4 | 32.1 | 34.8 | 37.0 | 32.4 | 34.4 | 36.4 | 32.3 | 35.8 | 38.2 
g{ Max... 32.8 | 34.3 | 35.3 | 32.4 | 34.7 | 36.8 | 32.5 | 34.9 | 36.9 | 32.9 | 34.8 | 36.7 | 33.1 | 35.8 | 38.4 
26 Min. ...| 32.7 | 34.1 | 35.3 | 32.3 | 34.5 | 36.8 | 32-4 | 34.8 | 36.5 | 32.7 | 34-7 | 36.5 | 32.5 | 35.7 | 38.1 
oy { Max....| 32.7 | 34.7 | 35.6 | 32.0 | 34.9 | 37.0 | 32.6 | 35.3 | 37.1 | 33.2\| 35.1 | 36.8 | 33.6 | 36.0 | 38.5 
271 Min... .| 32.0 | 33.6 , 34.7 | 31.0 | 33.7 | 36.2 | 32.0 | 34.4 | 36.3 | 32.3 | 34.2 | 36.1 | 32.7 | 35.1 | 38.2 
ag { Max | 32.3 | 33.8 | 34.8 | 32.0 | 34.0 | 37.0 | 32.1 | 34.3 | 36.2 | 32.4 | 34.2 | 35.9 | 32.5 | 34.9 | 37.3 
29) Min. |__| 32.2 | 33-7 | 34.7 | 31.9 | 33.9 | 36.0 | 32.0 | 34.2 | 36.0 | 32.3 | 34.1 | 35.8 | 31.6 | 34.7 | 37.2 
| 
20 Max....| 32.3 | 34.0 | 34.7 | 32.1 | 34.1 | 36.9 | 32.1 | 34.1 | 36.3 | 32.5 | 34.1. | 35.9 | 32.6 | 34.6 | 37.1 
Min... .| 32.0 | 33.5 | 34.3 | 31.6 | 33.6 | 35.8 | 31.7 | 33.9 | 35.6 | 32.2 | 33.9 | 35.6 | 32.3 | 34.3 | 36.8 
3, ( Max....| 32.4 | 33.8 34.9 | 32.3 | 34.2 36.2 | 22.1 | 34.2 | 36.1 32.6 | 34.4 36.0 | 32.7 34.8 | 37.3 
Min 32.3 | 33.7 | 34.7 | 32/1 | 3410 | 36.1 | 31.8 | 34.0 | 36.0 | 32.5 | 34.1 | 35-8 | 30.3 | 34.6 | 36.7 
(Max... 36.75) 38.34 39.32! 36.42) 38.52 40.70| 36.67| 39.05| 40.83 37.02| 38.91) 40.64| 37.48, 39.94) 42.26 
Ave.| Min. | 35.67) 37-€£, 38.83) 35.06, 37.84 40.18) 35.91| 38.60) 40.41) 36.23) 38.39) 40.20, 36.71, 39.55, 41.66 
| Range 1.08 0.€6 0.49| 1.36, 0.68 0.52| 0.76, 0.45| 0.42 0.79| 0.52) 0.44| 0.77, 0.39| 0.40 


TABLE 52—MAXIMUM 


EXPERIMENT STATION 


AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF 
WITH SAND, JANUARY, 1914. 
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SOIL, COVERED 


Date— Gravel. Sand. | Loam. Clay. Peat. 
Maximum, ue eee | aa SS 
minimum. 6” Ws 18” | 6’ rss 18” | 6” 2s 18” 6" 2s 18” 6” Ur 18” 
ee 32.5 | 34.1 | 34.8 | 32.3 | 34.2 | 36.1 | 32.1 | 34.2 | 36.1 | 32.6 | 34.3 | 35.8 | 32.3 | 34.8 | 37.1 

Min....| 32.3 | 33.8 | 34.7 | 32.1 | 34.0 | 36.0 | 32.0 | 34.0 | 36.0 | 32.5 | 34.1 | 35.6 | 31.6 | 34.4 | 36.8 
9 | Max... .| 32.5 | 34.0 | 34.9 | 32.2 | 34.2 | 36.1 | 32.1 | 34.3 | 36.0 S2af Od. onl ool Galo OMleaen Meotae 

\ Min....| 32.4 } 33.8 | 34.8 | 32.1 | 34.1 | 35.8 | 32.1 | 34.1 35.8 | 32.6 | 34.1 | 35.7 | 32.4 | 34.5 | 37.0 
3 | Max.... SZ ooeil| Pade a2-Gnln saan Sonn 32.3 | 34.3 | 36.0 | 32.8 | 34.5 | 35.9 | 32.7 | 34.7 | 37.1 

NM ci o2ron|| 64-0) 1349851 32030) e422) | 3650: | 32.8) | 40 3529) | 3276.) 8423) | dba7-|32.0 | of 08 OGL 
5{ Max....| 33.1 | 34.4 | 35.1 | 32.9 | 34.6 | 36.3 32.4 | 34.4 | 36.0 | 33.1 | 34.6 | 36.0 | 32.9 | 34.8 | 37.1 

Min....| 32.9 | 34.3 | 35.0 | 32.7 | 34.5 | 36.2 | 32.3 | 34.3 | 35.9 | 33.1 | 34.4 35.9 | 32.8 | 34.6 | 37.0 

6 Max....| 33.3 | 34.5 | 35.1 | 33.0 | 34.6 | 36.3 | 32.4 | 34.4 | 36.0 | 33.2 | 34.6 | 36.0 | 32.9 | 34.8 | 37.1 
Minmee re lesjee totes mooelolacoed wad. on)|| SOlzilazepn | oteoneoDeOn|| ool | oan \roono il oaeteloaee | 36.9 

7 Max....| 33.2 | 34.4 | 35.4 | 33.1 | 34.6 | 36.3 32.4 | 34.4 | 35.9 | 33.2 | 34.7 | S601 32.00 | o4en | 36.9 
\ Min... .| 33.2 | 34.4 | 35.1 | 33.0 | 34.6 | 36.2 | 32.3 | 34.3 | 35.9 | 33.2 | 34.5 | 35.9 | 32.5 | 34.6 | 36.8 

| | | | | 

g { Max... 33.4 | 34.6 | 35.2 | 33.1 | 34.7 | 36.4 | 32.4 | 34.4 | 36.0 | 33.4 | 34.7 | 35.9 | 32.8 | 34.6 | 36.9 
Mane one oae2) pote | 3h. 1el32-9) | 34.6" 36.2) (32.3) || 34.2) |) 3009) | 38.8.) 8425-1 .385.9) 1 32.2 184.5) | 3688) 

9 Max....| 33.4 | 34.6 | 35.2 | 33.1 | 34.7 | 36.3 ) 32.5 | 34.4 | 35.9 | 33.4 | 34.7 | 36.1 | 32.7 | 34.7 | 36.9 
Min....} 33.3 | 34.4 | 35.1 | 33.0 | 34.6 | 36.2 | 32.4 | 34.3 | 35.9 | 33.4 | 34.6 | 36.0 | 32.6 | 34.5 | 36.8 

19 { Max.... 33.5 | 34.6 | 35.3 | 33.3 | 34.7 | 36.3 | 32.7 | 34.5 | 36.0 | 33.6 | 34.9 | 36.2 | 32.9 | 34.7 | 36.9 
\ Min....| 33.4 | 34.5 | 35.2 | 33.1 | 34.6 | 36.2 | 32.5 | 34.4 | 36.0 | 33.5 | 34.9 | 36.1 | 32.7 | 34.6 | 36.8 
12 Max....| 33.5 | 34.7 | 35.5 | 33.3 | 34.7 | 36.4 | 32.9 | 34.8 | 36.2 | 33.9 | 35.3 | 36.4 | 33.1 | 34.9 | 37.0 
\ Min....| 33.4 | 34.7 | 35.4 | 33.1 | 34.6 | 36.2 | 32.8 | 34.6 | 36.1 | 33.9 | 35.1 | 36.3 | 33.0 | 34.7 | 37.0 

4 | 

13 Max....; 33.9 | 35.1 | 35.8 | 33.4 | 35.0 | 36.6 | 33.3 | 35.1 | 36.5 | 34.2 | 35.6 | 36.7 | 33.4 | 35.2 | 37.4 
emlUVitete | oka odeo: | 35.3 32.9 | 34.5 | 36.1 | 32.9 | 34.8 | 36.1 | 33.7 | 35.0. | 36.3°| 33.0 | 34.7 | 3629 
14 Max....| 33.8 | 35.0 | 35.8 | 33.3 | 34.9 | 36.7 | 33.4 | 35.3 | 36.7 | 34.2 | 35.5 | 36.8 | 33.5 | 35.2 | 37.4 
Min....| 33.6 | 34.8 | 35.5 | 33.1 | 34.7 | 36.4 | 33.1 | 34.9 | 36.4 | 33.9 | 35.3 | 36.4 | 33.3 | 35.0 | 37.2 

15 Max....} 33.7 | 34.7 | 35.5 | 33.1 | 34.8 | 36.4 | 33.1 | 34.9 | 36.4 | 34.0 | 35.3 | 36.4 | 33.4 | 35.1 | 37.1 
9) Min....| 33.4 | 34.7 | 35.4 | 33.1 | 34.6 | 36.3 | 33.0 | 34.9 | 36.4 | 33.9 | 35.2 | 36.4 | 33.3 | 34.9 | 37.1 
16 { Max....| 33.8 | 34.9 | 35.6 | 33.2 | 34.8 | 36.4 | 33.3 | 35.0 | 36.4 | 34.0 | 35.2 | 36.5 | 33.4 | 35.0 | 37.1 
\ Min....| 30.6 | 34.7 | 35.5 | 33.2 | 34.6 | 36.3 | 33.0 | 34.9 | 36.3 | 33.9 | 35.1 | 36.4 | 33.3 | 34.9 | 36.9 
17 Max....| 33.7 | 35.0 | 35.6 | 33.4 | 34.8 | 36.4 | 33.3 | 35.0 | 36.4 | 34.1 | 35.3 | 36.5 | 33.4 | 35.1 | 37.2 
Mineral Saad lo4790)| Socom osne: coded also. 4 jmoowk |) o£s9) lveose s420) |eaace: | oOre Il corcllodeOn late 
io) Mere 33.9 | 34.9 | 35.6 | 33.4 | 34.9 | 36.4 | 33.3 | 35.0 | 36.4 | 34.1 | 35.4 | 36.5 | 33.4 | 35.0 | 37.1 
Min....! 33.7 | 34.9 | 35.5 | 33.4 | 34.9 | 36.4 | 33.2 | 34.9 | 36.3 | 34.1 | 35.3 | 36.4 | 33.3 | 34.9 | 37.0 

20 Max....| 33.8 | 34.9 | 35.6 | 33.4 | 34.9 | 36.4 | 33.3 35.0 | 36.4 | 34.1 | 35.4 | 36.5 | 33.4 | 25.0 | 37.1 
\ Min....| 33.7 | 34.9 | 35.4 | 33.3 | 34.8 | 36.4 | 33.2 | 34.9 | 36.3 | 34.0 | 35.3 | 36.4 | 33.3 | 34.9 | 36.9 
91! Max....| 33.9 | 35.0 | 35.6 | 33.6 | 34.9 | 36.5 | 33.3 | 35.1 | 36.4 | 34.2 | 35.4 | 36.5 33.4 | 35.1 | 37.1 
\ Min....] 33.8 | 34.9 | 35.6 | 33.5 | 34.9 | 36.4 | 33.2 | 35.0 | 36.3 | 34.1 | 35.4 | 36.4 | 33.4 | 34.9 | 37.1 
99 Max.... 34.0 | 35.0 | 35.7 | 33.6 | 35.1 | 36.4 | 33.4 | 35.0 | 36.4 | 34.3 | 35.5 | 36.6 | 33.5 | 35.1 | 37.2 
“\ Min....} 33.9 | 34.9 | 35.5 | 33.5 | 34.9 | 36.4 | 33.3 | 35.0 | 36.3 | 34.1 | 35.4 | 36.4 | 33.4 | 34.9 | 37.0 
23 Max....| 33.9 | 34.9 | 35.6 | 33.6 | 35.0 | 36.4 | 33.4 | 34.9 | 36.3 | 34.2 | 35.5 | 36.5 | 33.4 | 34.9 | 37.0 
Min..; ..) 33-9) | 34.8 135.4 193325 134-9 |) 3673) '33-2)|/ 34.9) | 36.0 13420 | 35:2) | 36.3.|\\30-0,|| 64:98 | 3629 

24 Max....| 34.0 | 34.9 | 35.6 | 33.6 | 34.9 | 36.4 | 33.5 | 35.0 36.4 | 34.2 | 35.4 | 36.5 | 33.5 | 35.0 | 37.1 
Min....| 33.9 | 34.7 | 35.4 | 33.4 | 34.7 | 36.2 | 33.41) 35.0 | 36.3 | 34.1 | 35.1 | 36.4 | 33.4 | 34.9 | 37.0 
26! Max....| 33.8 | 34.9 | 35.7 | 33.3 | 34.9 | 36.5 | 33.4 | 35.1 | 36.4 | 34.0 | 35.4 | 36.4 | 33.4 | 34.9 | 36.9 
| Min....| 33.6 | 34.9 | 35.6 | 33.1 | 34.7 | 36.2 | 33.3 | 35.0 | 36.3 | 34.0 | 35.2 | 36.3 | 33.4 | 34.7 | 36.7 
97 { Max....| 33.6 | 34.8 | 35.5 | 33.3 | 34.8 | 36.3 | 33.3 | 35.0 | 36.3 | 33.9 | 35.3 | 36.3 | 33.3) 34.7 | 36.6 
Min....| 33.4 | 34.5 | 35.2 | 33.1 | 34.5 | 36.2 | 33.3 | 34.9 .| 36.2 | 33.8 | 34.9 | 36.0 | 33.3 | 34.6 | 36.6 

28 Max....| 33.7 | 34.7 | 35.5 | 33.4 | 34.7 | 36.2 | 33.4 | 34.9 | 36.1 | 34.0 | 35.1 | 36.1 33.4 | 34.7 | 36.6 
\ Min 33.6 | 34:5 | 35.2 | 33.2 ) 34.6 | 36.2 | 33.3 | 34.6 , 35.7 | 33.9 | 34.9 | 36.0.) 33.2 | 34.6 | 36.6 
29 { Max 41.5 | 39.7 | 38.1 | 42.3 | 39.7 | 37.6 | 38.3 | 35.6 | 35.8 | 41.1 | 37.7 | 36.6 | 33.4 | 34.4 | 36.4 
\ Min Si | 35-5at BD. oleOnncoran|) oO.te| oon | ae. DuloD-OniicO. 2: oD MLL Moo.On on om| ot24el oon 
30{ Min 35.0 | 36.9 | 37.5 | 34.4 | 36.9 | 38.0 | 34.9 | 36.7 | 36.9 | 35.9 | 37.6 | 37.8 | 33.4 | 34.6 | 36.3 
Min | 34.0 | 35.6:.| 36.7 | 33.6) 35.8 | 37.4 | 34.0 | 36.1 | 36:8 | 34.7 | 36.6.) 37.5 | 38.3'| 34.4 | 36.2 

24 { Max 33.4 | 35.1 | 36.1 | 33.0 | 35.1 | 37.0 | 33.5 | 35.7 | 36.9 | 33.9 | 35.9 | 37.1 | 33.4 | 34.6 | 36.5 
“" \ Min | 33.4 | 34.9 | 35.8 | 32.9 | 34.9 | 36.7 | 33.4 | 35.5 | 36.8 | 33.8 | 35.6 | 36.9 | 33.3 | 34.5 | 36.3 
BS re 33.87) 34.98) 35.63 33.56) 35.01, 36.49) 33.24) 34.90) 36.27| 34.C9 35.30, 36.39) 33.17 34.85) 36.97 
Ave. { Min. .| 33.55) 34.64) 35.35) 33.22) 34.69) 36.28] 32.89) 34.71) 36.14) 33.76) 34.99) 36.21) 33.00, 34.68 36.83 
| Range! 0.32) 0.34) 0.28 0.34 0.32) 0.21] 0.35} 0.18) 0.13} 0.33) 0.31) 0.18) 0.17} 0.17) 0.14 
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TABLE 53.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, FEBRUARY, 1914. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maximum, = oes 2 | A = ioe 8 
minimum, | gr , 12° | 18” | 6” | 12”, 18” | 6” , 127) 18” | 6 , 12°) 18% | 6 | 12° | 18° 
= b Me — a | 
> {Max....| 33.6 | 35.0 35.8 | 33.4 | 35.0 | 36.6 | 33.4 35.4 36.7 | 34.0 35.4 | 36.6 | 33.6 | 35.0 | 37.1 
2) Min... .| 33.5 | 34.6 | 35.4 | 33.1 | 34.8 | 36.4 | 33.2 | 35.0 | 36.3 | 33.8 | 35.1 | 36.2 | 33.4 | 34.8 | 36.6 
3 {Max....| 33.4 | 34.6 | 35.4 | 33.1 | 34.7 | 36.2 | 33.1 (34.9 | 36.2 | 33.7 35.1 | 36.3 | 33.4 | 34.9 | 36.8 

\ Min. °:| 33.4 | 34.5 | 35.2 | 33:0 | 34.5 | 36.1 | 33.0 | 34.7 | 36.1 | 33.5 | 34.9 | 36.0 | 33.3 | 34.6 | 36.5 
a { Max... 33.6 | 34.8 | 35.5 | 33.4 | 34.8 | 36.4 | 33.4 | 35.0 | 36.3 | 33.9 35.1 | 36.4 | 33.4 | 34.8 | 36.8 

Min... .| 33.6 | 34.7 | 35.4 | 33.3 | 34.7 | 36.2 | 33.3 | 34.9 | 36.1 | 33.8 | 35.0 | 36.2 | 33.4 | 34.8 | 36.6 
~ {Max....| 33.9 | 35.0 35.6 | 33.6 | 35.0 36.6 | 33.5 35.3 36.4 | 34.1 | 35.4 36.4 | 33.7 | 35.0 | 37.0 
5{ Min... .| 33.6 | 34.6 | 35.4 | 33.2 | 34.7 | 36.2 | 33.3 | 34.9 | 36.1 | 33.8 | 35.0 | 36.1 | 33.4 | 34.7 | 36.6 
g{Max..../ 33.8 | 34.9 | 36.5 | 33.3 | 34.8 | 36.4 | 33.4 | 35.0 | 36.3 | 33.9 35.1 | 36.2 | 33.4 | 34.9 | 36.8 

\ Min. ::| 33:6 | 34:7 | 35.4 | 33.2 | 34.6 | 36.2 | 33.2 | 34.9 | 36.1 | 33.9 | 35:0 | 36.1 | 33.4 | 34.8 | 36.7 
7{Max....| 33.8 | 34.9 35.5 | 33.4 | 34.8 | 36.2 | 33.4 | 35.0 | 36.1 | 34.0 | 35.1 | 36.2 | 33.5 | 35.0 | 36.6 

\Min-<2.) 33°6 | 34:7] 35.4 | 33.1) 34°6 | 36.1 | 33:2 | 34.9 | 36.0 | 33.9 | 34-9 | 36.1 | 33-4 | 34:7 | 36.5 
o{Max....| 34.1 | 35.2 | 35.9 | 33.5 | 35.0 | 36.5 | 33.6 35.2 | 36.4 | 34.3 36.5 | 36.5 | 33.9 | 35.2 | 37.1 
9) Min. ...| 33.8 | 34.9 | 35.5 | 33.1 | 34.7 | 36.2 | 33.3 | 35.0 | 36.1 | 33.9 | 35.1 | 36.1 | 33.5 | 34.9 | 36.7 
19 { Max....| 33.9 | 35.0 | 35.7 | 33.3 | 34.8 | 36.4 | 33.4 | 35.1 | 36.2 | 34.1 | 35.3 | 36.4 | 33.7 | 35.0 | 36.9 

\ Min. .;:} 33.6 | 34.7 | 35.4 | 32.9 | 34.4 | 36.0 | 33.2 | 34.8 | 35.9 | 33.7 | 34.9 | 36.0 | 33.4 | 34-7 | 36.6 
11 / Max....| 33.8 | 34.9 | 35.6 | 33.1 | 34.7 | 36.4 | 33.4 | 35.1 | 36.3 | 34.0 35.2 | 36.4 | 33.7 | 35.0 | 36.9 

Min. ...| 33.5 | 34.7 | 35.3 | 32.7 | 34.5 | 36.1 | 33.2 | 34.8 | 36.1 | 33.8 | 35.0 | 36.0 | 33.5 | 34.8 | 36.6 

| | | 

19 { Max....| 34.0 | 35.3 | 35.8 | 33.4 | 34.9 | 36.4 | 33.7 | 35.4 | 36.4 | 34.4 35.5 | 36.6 | 34.0 | 35.4 | 37.1 
24 Min....| 33.5 | 34.7 | 85.3 | 82.6 | 34:5 | 36.0 | 3.2 | B49 | 36.0 | 33.9 | 35:0 | 36.1 | 38.5 | 34:9 | 36.7 

| | 
13 { Max....| 33.8 | 34.9 | 35.5 | 32.6 | 34.7 | 36.2 | 33.4 | 35.2 | 36.4 | 34.1 | 35.3 | 36.4 | 33.9 | 35.2 | 37.0 
BY Min. 2.) 38:4 | 34:6 | 35.2 | 82.2) 34:3 | 86.1) 33.2 | B49 | B61 | 3.7 | 34.9 | 36:0 ) 33.6 | 34.9 | 36.6 

| 

14 (Max....| 33.4 | 34.6 | 35.5 | 32.4 | 34.5 | 36.1 | 33.4 | 35.1 | 36.2 | 33.9 35.0 | 36.1 | 33.7 | 35.1 | 36.9 
\ Min. |: | 33:1 | 34/2 | 34.9 | 31.9 | 34.0 | 35.6 | 32-8 | 34.5 | 35.7 | 33.4 | 34.6 | 35.6 | 33-4 | 34.6 | 36.5 

| 
16 { Max....| 33.3 | 34.4 | 35.1 | 32.5 | 34.3 | 35.9 | 33.0 | 34.8 | 35.9 | 33.7 | 34.9 | 36.0 | 33.5 | 34.9 | 36.7 

Min...) 33:0 | 34.2 | 34:9 | 32.2 | 34:0 | 35.5 | 32.8 | 34-4 | 35.7 | 33/4 | 34/6 | 35.5 | 33.3 | 34.6 | 36.4 
17 { Max. ...| 33.4 | 34.5 | 35.0 | 32.4 | 34.1 | 35.8 | 33.0 | 34.7 35.9 | 33.6 34.9 | 35.8 | 33.5 | 34.8 | 36.6 

Min. ...| 33.2 | 34.3 | 34.9 | 32.3 | 34.0 | 35.5 | 32.8 | 34.5 | 35.6 | 33.4 | 34.7 | 35.6 | 33.4 | 34.6 | 36.4 
ig { Max....| 33.4 | 34.4 | 35.1 | 32.5 | 34.1 | 35.7 | 33.0 | 34.6 35.9 | 33.6 34.8 | 35.8 | 33.4 | 34.7 | 36.6 

Min....| 33.2 | 34.2 | 34:7 | 32.3 | 34.0 | 35.5 | 32-8 | 34-4 | 35.5 | 33.4 | 34.6 | 35.6 | 33.2 | 34.5 | 36.4 
19 { Max....| 33.4 | 34.4 | 35.0 | 32.5 | 34.1 | 35.6 | 33.0 | 34.5 | 35.7 | 33.6 | 34.7 | 35.7/| 33.4 | 34.6 | 36.4 

Min... .| 33.2 | 34.2 | 3418 | 32.4 | 34:0 | 35.5 | 32.8 | 34.4 | 35.5 | 33.5 | 34.6 | 35.6 | 33.3 | 34.5 | 36.3 
9 { Max... 38.6 | 34.6 35.4 33.0 34.5 36.0 | 33.4 34.9 | 36.0 | 34.0 | 35.1 | 36.0 | 33.6 | 34.9 | 36.6 

Min-..) 33.2 | 34:2 | 34:9 | 32.4 | 34:1 | 35.5 | 32.9 344 | 35.5 | 33.5 34:6 | 35.5 | 33.3 | 34.5 | 36.3 
91 {Max....| 33.6 | 34.6 | 35.3 | 33.0 | 34.5 | 36.0 | 33.4 | 34.9 | 36.0 | 34.0 35.0 | 36.0 | 33.7 | 34.9 | 36.7 

Min. ...| 33/3 | 34.3 | 34.8 | 32.5 | 34.1 | 35.6 | 32.9.| 34.4 | 35.5 | 33.5 | 34.6 | 35.6 | 33.2°| 34.5 | 36.3 
93 {Max....| 33.6 | 34.7 | 35.2 | 33.1 | 34.6 | 36.0 | 33.4 | 34.8 35.9 | 34.0 | 35.2 | 36.0 | 33.5 | 34.9 | 36.7 

| Min. .:.| 33.4 | 34.4 | 34.9 | 32.6 | 34.2 | 35.6 | 33.0 | 34.5 | 35.5 | 33.7 | 34.7 | 35.6 | 33.4 | 34.6 | 36.4 
o4{Max....| 33.5 | 34.6 | 35.3 | 32.9 | 34.0 | 35.9 | 23.2 | 34.9 35.9 | 33.9 35.1 | 35.9 | 33.5 | 34.9 | 36.7 

| Min. ...| 33.1 | 34.1 | 34.6 | 32.3 | 33.5 | 35.4 | 32.6 | 34.3 | 35.3 | 33.4 | 34.5 | 35.4 | 33.1 | 34.4 | 36.4 
95 {Max....| 33.4 | 34.6 | 35.2 | 32.8 | 34.4 | 35.9 | 33.2 | 34.7 | 35.9 | 33.8 | 35.0 | 35.9 | 33.5 | 34.9 | 36.6 

Min 33.4 | 34.6 | 35.2 | 32.8 | 34.4 | 35.9 | 33.2 | 34.7 | 35.9 | 33.9 | 35.0 | 35.9 | 33.5 | 34.9 | 36.6 

| | | | 
2g { Max 33.3 | 34.3 | 35.1 | 32.4 | 34.2 | 35.6 | 33.0 | 34.5 | 35.6 | 33.6 | 34.7 | 35.7 | 33.4 | 34.7 | 36.5 

Min... :| 33.0 | 34.1 | 34:7 | 32.1 | 33.9 | 35.4 | 32.7 | 34.4 | 35.4 | 33.4 | 34.5 | 35.4 | 33.1 | 34.4 | 36.2 
oy { Max...) 33.4 | 34.4 | 34.9 | 32.7 | 34.1 | 35.5 | 33.0 | 34.5 | 35.5 | 33.6 | 34.8 | 35.7 | 33.4 | 34.6 | 36.4 

{ Min. .::| 32:9 | 33:9 | 34.5 | 32.4 | 33.8 | 35.1 | 32.5 | 34.0 | 35.1 | 33.4 | 34/4 | 35.2 | 32.9 | 34.2 | 36.0 
ag { Max... 33.2 | 34.0 | 34.7 | 32.6 | 33.9 35.4 | 32.8 | 34.3 35.4 | 33.5 34.5 | 35.4 | 33.0 | 34.4 | 36.2 

Min....| 32.9 | 33.8 | 34.5 | 32.4 | 33.8 | 35.2 | 32.6 | 34.1 | 35.2 | 33.4 | 34.4 | 35.2 | 32-9 | 34.3 | 35.9 

[ Max.. 33.59) 34.69 35.36 32.95 34.52 36.07) 33.27 34.91, 36.06| 33.89 35.07| 36.10| 33.55) 34.90| 36.74 
Ave.! Min. | 33.33] 34.41| 35.05| 32.63 34.25  35.79| 32.99 34.61| 35.76| 33.63, 34.78] 35.78| 33.33| 34.63] 36.44 
(Range | 0.26] 0.28, 0.31) 0.32, 0.27, 0.28) 0.28 0.36, 0.30 0.26 0.29 0.32, 0.22} 0.27| 0.30 


a 


EXPERIMENT STATION 


BULLETINS. 


759 


- TABLE 54—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, MARCH, 1914. 


Date— Gravel. Sand. Loam. | Clay. Peat. 
Maximum, 
TESLA 6” 12” | 18” 6” 12 18% [See lho ast Tea kod Tale 12% 918" Gr 2a tae 
9 { Max 33.7 | 34.5 | 35.0 | 33.1 | 34.3 | 35.5 | 33.4 34.6 | 35.6 | 34.0 | 35.6 | 35.9 | 33.4 | 34.8 | 36.5 
Min 33.4 | 34.2 | 34.7 | 32.9 | 34.1 | 35.3 | 33.0 | 34.5 | 35.5 | 33.7 | 34.6 | 35.6 | 33.2 | 34.4 | 36.2 
3 { Max 33.4 | 34.5 | 35.0 | 33.0 | 34.4 | 35.6 | 33.4 | 34.6 | 35.6 | 34.0 | 35.0 | 35.9 | 33.4 | 34.6 | 36.3 
Min 33.2 | 34.0 | 34.6 | 32.6 | 34.0 | 35.4 | 32.9] 34.4 | 35.3 | 33.5 | 34.6 | 35.4 | 33.1 | 34.3 | 36.0 
4 / Max 33.4 | 34.3 | 34.7 | 32.8 | 34.2 | 35.4 | 33.1 | 34.5 | 35.5 | 33.8 | 34.7 | 35.5 | 33.4 | 34.5 | 36.2 
Min. 33.2 ; 34.1 | 34.6 | 32.7 | 34.0 | 35.3 | 33.0 | 34.4 | 35.3 | 33.7 | 34.6 | 35.5 | 33.2 | 34.3 | 36.0 
| | | | 
5 {| Max 33.4 | 34.4 | 34.9 | 33.0 | 34.4 | 35.6 | 33.2 | 34.5 | 35.5 | 33.9 | 34.8 | 35.5 | 33.4 | 34.6 | 36.2 
\ Min 33.2 | 34.1 | 34.6 | 32.6 | 34.0 | 35.2 | 32.8 | 34.3 | 35.2 | 33.6 | 34.6] 35.4 | 33.0 | 34.2 | 35.9 
g | Max 33.4 | 34.4 | 34.8 | 32.9 | 33.9 | 35.0 | 33.1 | 34.5 | 35.5 | 33.9 | 34.8 | 35.5 | 33.2 | 34.4 | 36.2 
Min 33.3 | 34.1 | 34.6 | 32.7 | 33.8 | 34.8 | 32.9 | 34.3 | 35.2 | 33.6 | 34.5 | 35.3 | 33.1 | 34.2 | 33.9 
7 { Max 33.5 | 34.3 | 34.8 | 33.0 | 34.0 | 35.1 | 33.2 34.5 | 35.4 | 33.7 | 34.7 | 35.5 | 33.2 | 34.4 | 36.1 
\ Min 33.3 | 34.2 | 34.7 | 32.9 | 33.9 | 34.9 | 33.0 | 34.4 | 35.3 | 33.6 | 34.6 | 35.5 | 33.1 | 34.3 | 35.9 
g { Max 33.5 | 34.4 | 34.9 | 33.2 | 34.4 | 35.4 | 33.1 | 34.5 | 35.5 | 33.9 | 34.8 | 35.6 | 33.3 | 34.5 | 36.0 
\ Min 33.3 | 34.2 | 34.7 | 33.0 | 34.1 | 35.3 | 33.0 | 34.4 | 35.2 | 33.7 | 34.6 | 35.4 | 33.1 | 34.1 | 35.8 
19 { Max 33.6 | 34.6 | 35.0 | 33.4 | 34.4 | 35.5 | 33.3 34.6 35.6 | 34.0 | 34.9 | 35.6 33.4 | 34.4 | 36.3 
Min 33.4 | 34.2 | 34.7 | 33.0 | 34.0 | 35.1 | 32.9 | 34.3 | 35.2 | 33.6 | 34.6 | 35.3 | 33.0 | 34.1 | 35.8 
| | | 

11 { Max 33.5 | 34.4 | 35.0 | 33.4 | 34.3 | 35.5 | 33.4 | 34.5 | 35.4 | 34.0 | 34.9 | 35.5 | 33.3 | 34.4 | 36.1 
Min 33.3 | 34.1 | 34.6 | 33.0 | 33.9 | 35.1 | 32.9 | 34.3 | 35.1 | 33.7 | 34.5 | 35.2 | 33.0 | 34.1 | 35.8 
12 { Mex 33.6 | 34.5 | 35.0] 33.4 | 34.4 | 35.5 | 33.3 | 34.5 | 35.5 | 34.0 | 34.9 | 35.7 33.4 | 34.4 | 36.1 
Min 33.4 | 34.3 | 34.7 | 33.1 | 34.1 | 35.2 | 33.0 | 34.4 | 35.2 | 33.6 | 34.6 | 35.3 | 33.0 | 34.2 | 35.8 
13 { Mo 33.6 | 34.4 | 34.9 | 33.4 | 34.4 | 35.5 | 33.2 | 34.6 | 35.5 33.9 | 34.8 | 35.5 | 33.4 | 34.4 | 36.0 
Min 33.3 | 33.9 | 34.1 | 32.7 | 33.7 | 34.9 | 32.8 | 33.9 | 34.7 | 33.4 | 34.3 | 34.9 | 33:0 | 34.0 | 35.5 
14 / Max .| 39.2 | 36.4 | 35.3 | 36.5 | 34.9 | 35.1 | 33.0 | 34.2 | 35.0 | 33.6 | 34.6 | 35.3.| 33.1 | 34.0 | 35.7 
\ Min 33.2 | 34.1 | 34.5 | 32.9 | 34.0 | 35.1 | 32.8 | 34.0 | 34.6 | 33.4 | 33.5 | 34.8 | 32.9 | 33.6 | 34.9 
16 | Max 43.5 | 40.6 | 38.8 | 45.6 | 41.2 | 38.0 | 40.9 | 37.0 | 35.9 | 42.5 | 37.5 | 37.0 | 33.1 ; 33.9 | 35.2 
\ Min 37.1 | 38.2 | 37.5 | 36.4 | 37.7 | 37.2 | 35.7 | 35.8 | 35.5 | 36.8 | 36.5 | 36.6 | 33.0 | 33.8 | 35.0 
17 | Max 37.2 | 37.7 | 38.1 | 37.2 | 37.7 | 38.4 | 36.4) 37.9 | 37.1 | 36.9 | 37.6 | 38.1 | 33.1 | 34.1 | 35.6 
\ Min 35.3 | 36.6 | 36.9 | 34.9 | 36.6 | 37.3 | 35.4 | 36.7 | 36.9 | 36.5 | 36.2 | 37.5 | 33.0 | 33.9 | 35.5 
13 { Max 34.9 | 36.3 | 37.0 | 34.4 | 36.3 | 37.5 | 34.9 | 36.6 | 37.1 | 35.5 | 36.1 | 37.5 | 33.3 | 34.4 | 36.1 
Min. 34.4 | 35.7 | 36.4 | 34.1 | 35.9 | 36.9 | 34.4 | 36.2 | 36.9 | 35.0 | 35.6 | 37.1 | 33.1 | 34.4 | 36.0 
19{ Mo 34.4 | 35.4 | 36.2 | 33.4 | 35.4 | 36.8 | 34.3 | 36.0 | 36.9 | 34.9 | 36.1 | 37.0 | 33.4 | 34.6 | 36.4 
Min 34.0 | 35.1 | 35.9 | 33.3 | 34.9 | 36.4 | 33.9 | 35.6 | 36.5 | 34.5 | 35.9 | 36.7 | 33.2 | 34.5 | 36.2 
20{ Max 34.1 | 35.2 | 35.8 | 32.9 | 34.9 | 36.4 | 34.0 | 35.6 36.6 | 34.5 | 35.8 | 36.5 | 33.4 | 34.8 | 36.6 
Min 33.9 | 34.7 | 35.4 | 32.4 | 34.3 | 35.9 | 38.6 | 35.2 | 36.1 | 34.1 | 35.2 | 36.2 | 33.1 | 34.4 | 36.4 
91 { Max 33.9 | 35.0 | 35.6 | 32.4 | 34.5 | 36.0 | 33.8 | 35.3 | 36.3 | 34.1 | 35.3 | 36.3 | 33.4 | 34.8 | 36.5 
\ Min 33.6 | 34.6 | 35.2 | 31.9 | 34.1 | 35.6 | 33.4 | 34.9 | 35.9 | 33.9 | 34.2 | 36.0 | 33.3 | 34.5 | 36.4 
2 { Mx 33.6 | 34.5 | 35.1 | 32.8 | 34.3 | 35.6 | 33.4 | 34.9 | 35.7 | 33.9 | 34.4 | 35.8 | 33.2 | 34.5 | 36.3 
Min 33.4 | 34.4 | 34.9 | 32.6 | 34.1 | 35.4 | 33.2 | 34.6 | 35.5 | 33.6 | 33.9 | 35.5 | 33.1 | 34.4 | 36.1 
24 { Mo 39.6 | 36.4 | 35.5 | 40.2 | 36.4 | 35.6 | 37.0 | 34.8 | 35.7 | 37.6 | 34.5 | 35.7 | 33.3 | 34.6 | 36.4 
Min 33.4 | 34.2 | 34.8 | 32.6 | 34.1 | 35.4 | 33.1 | 34.5 | 35.3 | 33.5 | 34.2 | 35.4 | 33.1 | 34.3 | 35.9 
25{ Mn 43.9 | 38.9 | 37.0 | 44.2 | 38.5 | 36.3 | 40.4 | 35.7 | 35.2 | 41.2 | 36.0| 35.4 | 32.5 | 33.5 | 35.2 
Min 35.0 | 35.4 | 35.6 | 34.4 | 34.9 | 35.5 | 34.3 | 35.0 | 35.1 | 34.7 | 34.4 | 35.4 | 32.4 | 33.4 | 35.0 
26 { Mex 47.9 | 42.1 | 39.3 | 48.8 | 41.7 | 38.0 | 44.2 | 37.9 | 36.4 | 45.2 | 38.4 | 37.0 32.6 | 33.6 | 35.2 
Min 37.4 | 37.8 | 37.7 | 36.5 | 37.3 | 37.1 | 36.6 | 37.0 | 36.2 | 37.1 | 37.1 | 36.8 | 32.5 | 33.4 | 35.0 
97 { Max 42.5 | 43.1 | 41.9 | 42.0 | 42.8 | 40.5 | 43.1 | 41.2 | 38.7 | 43.4 | 41.6 | 39.8 | 32.7 | 33.9 | 35.4 
\ Min 40.4 | 41.0 | 40.8 | 39.9 | 40.5 | 40.0 | 40.7 | 40.7 | 3770 | 41.1 | 40.8 | 39.1 | 32.6 | 33.8 | 35.3 
28 | Max 46.7 | 42.3 | 40.2 | 47.3 | 42.2 | 39.4 | 44.5 | 39.4 | 38.8 | 45.0 | 39.8 39.5 33.0 34.1 | 35.8 
Min 37.1 | 38.5 | 38.8 | 36.4 | 38.3 | 38.8 | 37.5 | 38.9 | 38.4 | 38.0 | 38.7 | 38.9 | 32.6 | 34.0 | 35.7 
30 { Mam 43.6 | 43.7 ; 42.8 | 43.2 | 43.2 | 41.7 | 44.0 | 42.6 | 40.6 | 44.4 | 42.9 41.5 | 39.2 37.3 | 37.7 
Min 42.3 | 42.4 | 42.1 | 42.0 | 42.1 | 41.6 | 42.6 | 42.2 | 40.3 | 43.1 | 42.3 | 41.1 | 38.9 | 36.3 | 37.1 
31 / Max 47.5 | 43.9 | 41.9 | 49.2 | 44.2 | 41.2 | 45.4 | 41.4 | 40.5 | 45.4 | 41.5 | 41.1 41.8 | 38.4 | 38.7 
\ Min. 39.1 | 40.4 | 40.6 | 38.5 | 40.1 | 40.5 | 39.7 | 40.7 | 40.3 | 40.0 | 40.6 | 40.7 | 38.8 | 38.1 | 38.4 
Max..| 37.35] 36.93) 36.71| 37.10) 36.74) 36.77) 36.35 36.17 36.43) 36.97| 36.36 36.74 33.77, 34.61) 36.19 
Ave.{ Min. .| 34.84) 35.71) 36.07) 34.23, 35.48) 36.35) 34.58 35.75 36.10 35.19) 35.74) 36.41 33.44 34.35) 35.90 
Range 2.51| 1.22) 0.64) 2.87) 1.26) 0.42; 1.77 0.42) 0.33 1.78) 0.62 0.33 0.33 0.26} 0.29 
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TABLE 55—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 


WITH SAND, APRIL, 1914. 


Date— Gravel. Loam. Clay. 
Maximum, 
minimum. a2 18” 12” 6” nha 6” | a2 
1 { Max... 44.0 | 42.7 | 8 44.9 | 42.6 | 41.0 | 45.3 | 42.5 
| Min.... 42.9 | 42.4 | Day 43.0 | 42.3 | 40.8 | 43.3 | 42.2 
> { Max.... 41.8 | 42.2 | 6 41.1 | 42.4 | 41.2 | 41.4 | 42.5 
“nahin 41.1 | 41.3 | 9 40.4 | 41.5 | 41.0 | 40.6 | 41.3 
| 
3 { Max... 41.3 | 40.5 4 41.7 | 40.6 | 40.8 | 42.2 40.5 
“i GMini see 39.0 | 39.5 9 37.7 | 39.9 | 40.3 | 37.8 | 39.5 
4 { Max... 38.3 | 39.6 5 36.6 | 39.9 | 40.3 | 36.9 | 39.6 
\ Min.... 37.6 | 38.7 a7 35.8 | 38.6 | 39.7 | 36.0 | 38.4 
g { Max... 37.1 | 38.1 4 35.4 38.0 | 38.7 | 35.5 37.8 
| Min.... 36.3 | 37.3 4 34.5 ; 37.1 | 38.2 | 34.7 | 36.9 | 
, { Max.... 36.6 | 36.7 .8 | 37.8 | 35.2 | 36.7 | 37.8 | 36.6 | 36.4 | 
7) Min... | 35.7 | 36.6 5.8 | 37.5 | 33.9 | 35.9 | 37.4 | 34.4 | 36.2 | 
g { Max... 36.3 | 37.1 .2 | 37.8 | 34.1 | 36.4 | 37.6 | 34.7 | 36.5 
Min.... 35.7 | 36.4 5.6 | 37.3 | 33.4 | 35.8 | 37.1 | 34.2 | 36.0 
g { Max 9 | 35.2 | 36.3 eB O7al |e 3Se9) , Sos74 \nO7a dl aanr4 aoed | 
\ Min BED S408) hs5u8 5.1 28 1. 338%4 /°35.8')|| 363704) 3374 Shia 
| | | 
1p { Max.... 39.0 | 36.9 | 36.5 fi .8 | 35.6 | 35.3 | 36.6 | 36.3 | 35.2 
| Min....| 33.3 | 34.7 | 35.5 Vi .5 | 33.0 | 34.9 | 36.2 | 33.2 | 34.7 
11 { Max | 42.3 | 39.4 | 38.3 4 .2 | 39.2 | 36.8 | 36.6 | 40.1 | 37.2 
Min 9 | 37.4 | 37.5 7 .7 | 35.8 | 36.3 | 36.5 | 36.6 | 36.6 | 
| } 
13 { Max 1 | 43.5 | 40.5 2 .0 | 46.4 | 39.1 | 38.1 | 45.7 | 39.5 | 
Min 5.8 | 38.4 | 38.4 6 .0 | 36.9 | 38.1 | 37.9 | 37.2 | 38.2 | 
14 { Max .5 | 47.4 | 43.5 a7 .9 | 52.2 | 42.0 | 39.3 | 51.0 | 42.4 | 
| Min 9 | 41.1 | 40.6 iil 4 | 39.6 | 40.1 | 39.2 | 39.7 | 40.2 
. | 
15 | Max .2 | 49.0 | 45.9 6 52.2 | 45.1 | 41.5 | 51.2 | 45.2 
> \ Min 5.4 | 45.5 | 44.2 0 45.7 | 44.0 | 41.0 | 45.3 | 43.8 
15 { Max .6 | 49.8 | 46.8 22 53.8 46.2 | 43.0 52.6 | 46.4 | 
\ Min 5.3 | 46.2 | 45.1 5 46.0 | 45.1 | 42.7 | 45.7 | 45.0 
17 | Max .3 | 53.1 | 48.9 a2 57.9 48.0 | 44.0 | 56.5 | 47.5 
\ Min 0 | 47.4 | 46.2 9 47.3 | 46.4 | 43.9 | 46.8 | 45.8 
13 | Max .0 | 56.5 | 51.9 4 61.6 51.2 | 45.9 60.4 | 50.9 
©) Min 3.0 | 51.5 | 49.7 | 52.8 52.8 | 49.6 |-45.3 | 52.2 | 49.5 
9 | Max.. .9 | 48.6 | 49.5 5 47.4 50.7 | 48.4 | 47.3 | 50.1 
v) Min. . 1 | 46.6 | 47.1 9 45.8 | 48.1 | 47.5 | 45.8 47.5 
91 | Max .7 | 48.4 | 46.4 =3 51.4 46.6 | 46.6 | 50.7 | 46.0 
-*\ Min 5 | 44.3 | 44.8 4 43.3 | 45.6 | 45.5 | 43.1 | 44.9 
99 | Max 52.3 | 49.2 5 55.6 48.6 | 45.9 | 54.9 | 48.6 
““\ Min 48.6 | 47.8 Eg 49.2 | 47.9 8 | 48.8 | 47.5 
93 | Max 52.8 | 49.9 at 55.4 49.8 | 54.3 | 49.2 
Min 48.8 | 48.2 | 45.5 48.3 | 48.6 47.4 | 48.0 
94 | Max 51.2 | 49.8 8 53.1 50.0 52.5 | 49.4 
Min 49.5 | 49.0 4 49.9 49.3 48.9 | 48.6 
g= | Max 54.4 | 51.7 .6 57.6 51.1 57.6 | 51.3 
“2 ) Min 50.6 | 49.9 8 51.4 | 50.0 51.1 | 49.7 
97 | Max 58.7 | 54.5 1 62.8 53.6 | 62.5 | 53.9 
\ Min 52.6 | 51.7 0 52.3. | 51.9 | 52.0 | 51.4 
gg | Max 60.6 56.8 64.2 56.4 | 63.9 | 56.7 
\ Min 56.5 | 54.9 57.3 | 55.2 | 56.9 | 54.8 
99 | Max 58.4 56.9 59.9 57.3 59.9 | 57.3 
\ Min 57.2 | 56.1 58.7 : 56.7 58.5 | 56.5 
gq | Max 54.7 | 53.2 56.5 | 54.5 55.1 | 53.9 
\ Min 51.0 | 51.8 50.7 | 53.2 50.1 | 52.3 | 
————— —_—__ —— 
Max. 47.17) 45.52 48.66 45.18 43.43] 48.42) 45.08 
Ave. Min. 44.27| 44.10 43.68 44.13 43.04) 43.49] 43.88 
Range 2.90, 1.42 4.98 1.05) 0.39] 4.93] 1.20 
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TABLE 56—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, MAY, 1914. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maximum, 
minimum. 6” | 1 oo 1 8” 6” 1 2" 1 8” 6” I 1 2" 1 ish 6” 1 OF ! 1 8” 6” | 1 OF 1 8” 
1 {Max....| 54.8 | 52.2 | 51.6 | 55.8 | 52.5 | 52.1 | 54.2 | 52.6 | 51.6 | 54.0 | 51.5 | 51.9 | 53.6 | 53.8 | 52.7 
{ Min... "| 46.7 | 4976 | 50.1 | 45.3 | 49.4 | 50.5 | 48.6 | 51.2 | 50.5 | 47.8 | 49.9 | 50.6 | 50.8 | 52.5 | 52.1 
9 {Max....| 60.7 | 54.0 51.4 | 62.8 | 54.4 | 50.6 | 58.3 51.3 | 50.4 | 58.4 | 50.5 50.7 | 55.3 | 52.2 | 51.9 
2\Min....| 46.5 | 49.5 | 49.5 | 45.0 | 49.0 | 49.6 | 48.0 | 50.1 | 49.6 | 47.9 | 49.2 | 49.9 | 50.5 | 51.4 | 51.3 
4 {Max....| 62.0 | 57.3 | 54.7 | 62.8 | 57.6 | 53.4 60.5 54.6 | 51.3 | 60.9 | 54.4 | 52.5 | 58.5 | 53.2 | 51.4 
\Min..°:] 5412 | 54.4 | 5314 | 53.8 | 54.2 | 52-5 | 55.0 | 53.9 | 51.1 | 55.1 | 53.0 | 52-2 | 56.5 | 53.0 | 51.3 
| | | | | 
5{Max....| €0.8 | 56.9 | 55.4 | 61.4 | 56.8 | 54.2 | 59.6 | 55.9 | 52.4 | 60.0 55.2 | 53.6 | 58.5 | 54.2 | 52.3 
\ Min. ---| 57-4 | 56.1 | 55.1 | 56.9 | 55.7 | 53.9 | 57.5 | 55.5 | 52.1 | 57.8 | 54:8 | 53.5 | 57-9 | 53.9 | 51.9 
g{Max....| 59.6 | 67.1 | 55.1 | 61.4 57.5 | 54.1 | 59.6 55.6 52.9 | 60.0 54.7 54.1 | 58.6 54.8 | 52.9 
Min...) 53.4 | 54.8 | 54.1 | 52-1 | 54.2 | 53.3 | 54.8 | 54.8 | 52.6 | 54.8 | 53.9 | 53.5 | 56.5 | 54.5 | 52.8 
7/Max....| 55.8 | 54.3 | 53.9 | 56.8 | 54.5 | 53.6 | 55.2 “54.8 52.9 | 55.9 53.8 53.9 | 55.9 54.9 53.4 
\ Min... | 50-0 | 53.0 | 52.9 | 48.8 | 52.7 | 52.6 | 51.8 | 53.6 | 52.3 | 52.1 | 52.8 | 53-2 | 54.4 | 54/4 | 53.2 
| | | | 
gi Max... 54.6 | 53.4 | 52.7 | 54.9 | 53.4 | 52.4 | 54.4 53.3 | 52.1 | 54.9 52.5 | 53.0 | 54.9 | 54.2 | 53.3 
Min... | 50.6 | 51.9 | 52.0 | 49.6 | 51.5 | 52-0 | 51.7 | 52.8 | 51.5 | 521 | 51.9 | 52.4 | 53.5 | 53.7 | 53.1 
9 {Max....| 62.6 | 56.1 | 53.0 | 65.0 | 56.9 | 52.1 | 60.1 | 52.5 | 51.1 | 61.1 | 52.9 | 52.2 | 57.1 | 53.6 | 53.0 
Min....| 47.2 | 50.3 | 50.8 | 45.7 | 49.8 | 50.6 | 48.6 | 51.3 | 50.9 | 48.8 | 51.1 | 51.5 | 52.3 | 52.9 | 52.6 
} | 
11 {Max....| 55.6 | 57.7 | 57.3 | 54.4 | 57.6 | 56.3 | 57.5 | 57.5 53.9 | 57.6 57.9 | 55.2 | 59.5 55.4 | 53.4 
Min....| 50.6 | 53.4 | 54.3 | 49.4 | 52°8 | 54.0 | 52.0 | 55.1 | 53.4 | 51.8 | 54.8 | 54.9 | 55.3 | 55.2 | 52.9 
yo {Max....| 47.3 | 49.0 | 50.9 | 46.5 | 48.4 | 51.3 | 47.3 51.4 | 52.6 | 47.3 | 50.5 | 52.7 | 49.1 54.0 | 54.3 
?\Min..:.| 46.0 | 48.4 | 49.5 | 45.0 | 48:0 | 49:9 | 46.8 | 49.9 | 51.1 | 46.4 | 49.1 | 50.9 | 48.0 | 52.1 | 53.8 
| | | 
13) Max....| 53.4 | 50.3 | 49.3 | 54.6 | 50.5 | 49.2 | 51.8 49.0 50.0| 52.2 48.7 49.8 | 49.4 51.0 52.8 
Min....| 44.9 | 47.3 | 48.2 | 44.1 | 47.0 | 48.8 | 45.6 | 48.4 | 49.1 | 45.5 | 47.9 | 49:0 | 47.1 | 50.0 | 51.6 
14 {Max....| 54.8.' 52.4 | 50.5 | 57.0 | 53.4 50.0 | 53.9 48.6 | 49.3 | 54.6 | 50.0 49.7 | 51.9 50.2 | 51.3 
Min. ...| 44.0'| 47.5 | 48.4 | 42.4 | 47.3 | 48.8 | 45.2 | 48.4 | 48.7 | 45.2 | 48.0 | 49.1 | 47-8 | 49.6 | 50.6 
15 {Max....| 58.6 | 53.4 50.9 | 62.1 | 54.2 50.4 | 56.5 60.1 | 49.4 | 57.8 50.8 50.0 | 53.2 | 50.1 | 50.5 
°\ Min. ...| 45.1 | 48.8 | 49.1 | 43.9 | 48.7 | 49.4 | 46.6 | 49.0 | 48.9 | 46.8 | 48.9 | 49.6 | 48.9 | 49.7 | 50.2 
| | | | 
1g /Max....| 61.8 | 54.7 | 52.0 | 64.4 | 55.3 51.4 | 58.6 51.4 49.8 | 59.8 52.0 50.8 | 54.3 50.6 | 50.3 
Min....| 47.5 | 50.6 | 50.5 | 46.7 | 50.6 | 50.5 | 48.9 | 50.3 | 49.5 | 49.4 | 50.9 | 50.5 | 51-3 | 50.3 | 50-1 
1g (Max....| 68.1 | 60.3 | 56.4 | 69.8 | 60.7 | 54.4 | 65.7 55.6 51.9 | 66.0 56.6 53.4 | 60.7 52.7 | 51.4 
Min. ...| 53.2 | 55.0 | 53.9 | 52.3 | 54.5 | 53.3 | 54.4 | 54.1 | 51.8 | 54.6 | 54.4 | 53.1 | 55.2 | 52.6 | 51.1 
19 {Max....| 71.1 | 62.8 | 58.4 | 73.3 | 62.9 | 56.2] 68.8 68.1 | 53.5 | 68.9 | 58.7 55.0] 64.1 54.6 | 52.5 
Min. ...| 56.0 | 57.5 | 56.4 | 55.0 | 57.1 | 55.1 | 57.3 | 56.6 | 53.3 | 57.3 | 56.6 | 54.8 | 58.2 | 54.3 | 52.1 
o9 { Max....| 72.2 | 64.4 | 60.4 | 73.4 | 64.4 | 58.1 | 70.3 60.3 | 55.1 | 70.1 | 60.5 | 56.9 | 66.4 56.8 | 53.9 
Min... .| 59.2 | 60.0 | 58.4 | 58.3 | 59.6 | 56.9 | 60.3 | 59.0 | 55.1 | 60.3 | 59.1 | 56.8 | 61.6 | 56.4 | 53.4 
| | | | 
1 {Max....| 72.9 | 65.3 | 61.7 | 73.6 | 64.6 | 59.3 | 71.1 | 61.9 | 56.9 | 70.8 | 62.2 | 58.5 | 68.0 | 58.8 | 55.7 
“!\ Min....| 61.1 | 61.6'| 60.1 | 59.9 | 61.1 | 58.4 | 62.0 | 60.9 | 56.7 | 61.9 | 60.6 | 58.3-| 63.6 | 58.7 | 55.1 
| 
99 { Max....| 70.8 | 65.6 | 62.5 | 71.6 | 65.5 | 60.6 | 69.4 63.1 58.3 | 70.0 | 63.2 | 59.8 | 68.2 | 60.9 | 57.5 
“\ Min. ...] 64.3 | 63.1 | 61.8 | 63.8 | 62.5 | 60.0 | 65.1 | 62.5 | 57.9 | 65.0 | 62.5 | 59.8 | 65.7 | 60.5 | 56.7 
| | 
93 { Max....| 70.1 | 64.1 | 61.3 | 71.5 | 64.2 | 60.0 | 68.8 62.4 | 58.9 | 68.9 | 62.1 | 60.5 | 66.8 | 61.9 | 58.8 
| Min....| 57.4 | 60.4 | 59.9 | 55.4 | 59.7 | 58.7 | 59.6 | 61-1 | 58.2 | 59-7 | 60.7 | 59.6 | 63.0 | 61.4 | 58.3 
95 {Max....| 73.7 | 65.3 | 61.4 | 76.1 | 66.1 | 59.6 | 71.4 | 61.2 | 87.7 | 71.3 | 61.7 | 58.5 | 67.9 | 60.7 | 59.0 
\ Min... | 58.8 | 58.5 | 58.4 | 58.1 | 58.2 | 57.7 | 59.3 | 59.2 | 57.2 | 59.3 | 59.2 | 58.2 | 61.4 | 60.4 | 58.9 
og { Max....| 77.9 | 69.3 | 64.9 | 79.9 | 69.0 | 62.8 | 75.8 64.8 59.1 | 75.8 | 65.4 61.2 | 72.6 | 62.4 | 59.4 
“?\ Min...) 66.0 | 64.9 | 63.1 | 65.8 | 64.1 | 61.5 | 66.7 | 63.4 | 58.4 | 66.7 | 63.8 | 60.4 | 67.7 | 61.8 | 59.1 
27 {Max..../ 73.6 | 68.8 | 68.1.) 73.9 | 68.9 64.6 | 72.8 67.7 61.9 | 72.8 67.3 63.4 | 71.5 | 64.8 | 60.9 
Min. ...| 69.0 | 67.0 | 65.7 | 68.4 | 66.9 | 64.2 | 69.7 | 66.7 | 61.9 | 69.9 | 66.7 | 63.3 | 70.1| 64.1 , 60.0 
gg {Max....| 70.9 67.3 65.5 | 74.5 | 68.1 64.1 | 70.6 | 66.6 | 62.4 | 70.9 66.4 63.8 | 70.2 | 65.5 | 62.4 
Min....| 66.1 | 65.6 | 64.6 | 65.3 | 65.1 | 63.4 | 67.5 | 65.9 | 62.1 | 67.3 | 65.8 | 63.4 | 68.7 | 65.4 | 61.9 
29{ Max....| 78.9 70.2 68.2 | 76.8 | 70.3 | 64.2 | 76.6 | 66.4 | 62.2 | 76.8 | 67.1 63.6 | 73.4 | 65.6 | 62.8 
Min....| 63.3 | 64.1 | 63.9 | 63.5 | 64.7 | 62.9 | 64.8 | 64.8 | 61.9 | 64.9 | 64.8 | 63.1 | 67.7 | 65.3 | 62.7 
99 | Max....| 74.2 69.2 | 66.5 | 76.4 | 69.3 | 64.7 | 73.8 | 67.1 | 63.0 | 74.2 | 67.0 | 64.7 | 72.8 | 66.7 | 63.6 
\Min..-.| 65.0 | 66.2 | 65.1 | 63.5 | 65.3 | 63.8 | 66.9 | 66.5 | 62.9 | 66.7 | 66.1 | 64.2 | 69.4 | 66.5 | 63.3 
(Max..| 64.42, 59.67 57.31) 65.80, 59.28) 56.14] 63.18) 57.49| 54.64] 63.50 57.45 55.75, 61.25 56.68) 55.05 
fve.{ Min. .| 54.75 56.13) 55.74] 53.77| 55.76, 55.09| 55.95| 56.35| 54.18| 55.97 56.02 55.231 57.81, 56.18) 54.62 
(Range| $.67, 3.54) 1.57| 12.03, 4.12/ 1.05) 7.23] 1.14) 0.46| 7.53 1.43, 0.52) 3.44 0.50| 0.43 
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TABLE 57.- 


STATE 


BOARD 


OF 


AGRICULTURE. 


—MAXIMUM AND MINIMUM ‘TEMPERATURE OF DIFFERENT TYPES OF 
WITH SAND, JUNE, 1914. 


SOIL, COVERED 


Date— | Gravel. Sand. Loam. Clay. Peat. 
Maximum, = = oe 
minimum. | 6” | 42" . 18” Wee aie ee ae ee ee 6"-) 120yrBe 

(Max....| 78.0 | 71.0 | 67.2 | 79.2 | 70.7 | 65.4 | 76.9 | 67.5 | 63.4 | 76.5 | 67.9 | 65.0 | 74.1 | 66.9 | 64.2 

| Min 65.5 | 66.6 | 65.4 | 64.6 | 66.0 | 64.3 | 67.1 | 66.4 | 63.1 | 67.3 | 66.2 | 64.7 | 69.1 | 66.6 | 64.1 
> | Max 77.1 | 70.0 | 66.6 | 78.3 | 70.1 | 65.4 | 75.3 | 67.7 | 64.1 | 74.7 | 67.4 | 65.6 | 73.0 | 67.4 | 64.6 
“| Min 62.4 | 65.6 | 64.9 | 59.9 | 64.7 | 63.8 | 64.6 | 66.0 | 63.4 | 64.3 | 65.6 64.6 | 67.8 | 66.7 | 64.4 

| | 
» { Max....| 71.3 | 68.3 | 66.5 | 71.4 | 68.2 | 65.4 | 71.2 | 67.5 | 63.9 | 70.8 | 66.9 | 65.4 | 71.1 | 67.3 | 64.7 
2 \ Min. Bcc 64.1 | 66.1 | 65.3 | 62.7 | 65.4 | 64.3 | 65.9 | 66.4 | 63.6 | 65.4 | 65.7 | 64.7 | 68.4 | 66.9 | 64.6 
4 {Max....| 68.7 | 65.9 | 65.6 | 66.4 | 65.4 | 64.6 | 66.9 | 66.7 | 63.9 | 66.8 | 66.3 | 64.9 | 68.7 | 66.8 | 64.9 

\ Min....| 65.0 | 65.4 | 65.0 | 64.2 | 65.1 | 64.1 | 66.4 | 66.1 | 63.6 | 66.3 | 65.7 | 64.6 | 68.1 | 66.6 | 64.7 

5 {Max....| 66.1 | 63.8 | €2.6 | 68.0 | 64.2 | 62.5 | 66.0 | 64.1 | 63.0 | 66.4 | 63.5 63.8 | 66.4 | 66.2.| 64.8 
Min....| 58.3 | 61.4; 61.8 | 56.7; 60.8 | 61.5 | 60.5 ) 63.0 | 62.0 | 60.0 | 62.3 | 62.7 | 64.0, 65.1 | 64.6 
g { Max....| 72.8 | 65.5 | 62.7 | 75.0 | 66.6 | 62.1 | 70.2 | 62.6 | 61.7 | 70.7 | 63.1 | 62.4 | 67.4 | 64.8 | 64.1 
Min....| 56.9 | 59.9 | 60.6 | 55.7 | 59.9 | 60.8 | 58.6 | 61.5 | 60.8 | 58.8 | 61.4 | 61.6 | 62.9 | 63.9 | 63.5 
g { Max....| 85.7 | 75.9 | 70.8 | 86.2 | 76:6 | 68.0 | 83.4 | 70.0 | 63.8 | 82.9 | 70.9 | 65.7 | 80.1 | 66.9 | 63.8 

Min....| 70.6 | 69.5 | 68.2 | 70.6 | 69.6 | 66.3 | 71.1 | 68.0 | 63.1 | 71.1 | 68.1 | 65.1 | 72.4 | 66.2 | 63.2 
g { Max....| 86.7 | 78.0 | 73.4 | 87.1 | 77.3 | 70.2 | 84.9 | 73.0 | 66.3 | 84.1 | 73.3 | 68.4 | 82.8 | 70.0 | 65.6 

Min....| 74.1 | 73.2 | 71.2 | 73.5 | 72.8 ; 68.9 | 74.7 | 71.5 | 65.6 | 74.4) 71.2 | 67.9 | 76.9 | 69.4 | 64.7 

10 { Max....| 87.4 | 79.2 | 74.9 | 87.0 | 78.1 | 71.4 | 85.9 | 74.9 | 68.1 | 85.1 | 74.4 | 70.2 | 84.8 | 72.5 | 67.8 

Min....| 75.1 | 74.9 | 73.1 | 74.1 | 73.4 | 70.3 | 76.5 | 73.6 | 67.9 | 76.0 | 72.7 | 70.0 | 78.9 | 72.1-| 66.7 

11 (Max...) 81.9 | 76.0 | 74.1 | 81.5 74.0 | 71.6 | 80.8 | 75.1 | 69.4 | 80.3 | 73.9 | 71.3 | 80.5 | 74.1 | 69.3 
\ Min... .| 73.8 | 73.7 | 72.9 | 72.2 | 71.5 | 70.5 | 75.1 | 73.9 | 69.2 | 74.5 | 72.4 | 70.6 | 77.7 | 73.8 | 68.8 
jo { Max....| 81.5 | 75.3 | 72.5 | 80.6 | 74.3 | 70.5 | 80.6 | 73.6 | 69.2 | 80.0 | 72.1 | 70.8 | 80.6 | 74.1 | 70.0 
“\ Min....| 70.1 | 71.4 | 71.2 | 68.9 | 70.3) 69.4 | 71.9 | 72.3 | 68.6 | 71.4 | 70.6 | 69.9 | 75.8 | 73.4 | 69.9 
13 { Max....| 78.9 | 74.6 | 22.0 | 78.1 | 72.8 | 70.0 | 78.8 | 73.0 | 69.5 | 78.0 | 71.4 | 70.3 | 79.6 | 73.9 | 70.1 
\ Min....| 70.5 | 71.7 | 70.9 | 68.9 | 69.8 | 69.1 | 71.8 | 71.8 | 68.7 | 71.3 | 70.24 69.6 | 75.9 | 73.4 | 70.1 
15 { Max....| 78.2 | 73.6 | 71.1 | 77.4 | 72.7 | 69.4 | 77.9 | 71.8 | 68.4 | 77.4 | 70.6 | 69.6 | 78.4 | 73.1 | 70.0 
| Min....| 68.7 | 70.4 | 69.8 | 67.2 | 69.7 | 68.5 | 70.1 | 70.7 | 67.9 | 69.8 | 69.3 | 68.9 | 74.4°| 72.4 | 69.9 

| 
1g { Max...) 77.4 | 71.2 | 69.1 | 76.1 | 70.1 | 68.5 | 76.1 | 70.5 | 68.1 | 75.5 | 68.9 | 62.3 | 75.9 | 72.5 | 69.9 
Min. ...| 63.4 | 67.0 | 67.6 | 62.0 | 66.2 | 66.9 | 65.4 | 68.7 | 66.9 | 65.0 | 66.9 | 67.8 | 70.6 | 71.1 | 69.4 
17 { Max....| 79.8 | 72.3 | 69.2 | 78.3 71.2 | 67.7 | 77.8 | 69.5 | 67.0 | 77.1 | 68.2 | 68.1 | 76.6 | 71.3 | 69.2 
“\ Min....| 64.3 | 67.4 | 67.5 | 62.6 | 66.3 | 66.5 | 65.9 | 68.0 | 66.3 | 65.4 | 66.3 | 67.1 | 70.4 | 70.4 | 68.8 
1g { Max....| 80.9 | 73.5 | 70.2 | 79.1 | 72.2 | 68.3 | 78.9 | 70.1 | 66.9 | 78.3 | 69.3 | 68.1 | 7.6 | 71.1 | 68.6 
| Min....| 66.6 | 68.9 | 68.5 | 65.0 | 67.8 | 67.1 | 67.9 | 68.8 | 66.5 | 67.1 | 67.2 | 67.5 | 71.7 | 70.5 | 68.5 
19 { Max....| 70.1 | 71.1 | 70.6 | 69.0 | 70.3 | 69.1 | 71.1 | 71.1 | 67.4 | 70.4 | €9.9 | 68.7 | 74.4 | 71.4 | 68.7 
“| Min....| 66.7 | 67.9.| 68.0 | 66.0 | 67.1 | 67.3 | 68.4 | 68.9 | 67.0 | 67.9 | 67.8 | 68.0 | 71.2 | 70.8 | 68.6 
on | Max. «1172.7! (67-5 | 65.5 | 73.2 | 67.3 | 64.9 | 71.3 | 66.4 | 66.3 | 71.2 | 65.0 | 66.8 | 70.6 | 69.8 | 68.6 
“0 Min....| 57.7 | 62.6 | 63.8 | 55.3 | 61.6 | 63.8 | 59.8 | 65.0 | 64.8 | 59.6 | 63.5 | 65.2 | 65.2 |-68.3 | 67.9 
9) / Max....| 75.0 | 68.4 | 66.1 | 75.4 | 68.0 | 65.2 | 72.6 | 66.1 | 64.3 | 73.1 | 65.6 | 65.1 | 69.8 | 67.1 | 66.6 
““\ Min....| 64.7 | 64.9 | 64.8 | 64.0 | 64.6 | 64.6 | 65.3 | 65.4 | 63.9 | 65.2 | 64.6 | 64.7 | 66.9 | 66.7 | 66.3 
93 { Max 78.9 | 72.8 | 69.5 | 82.6 | 72.3 | 68.0 | 77.3 | 69.1 | 64.9 | 77.9 | 69.7 | 66.4 | 74.8 | 67.7 | 66.2 
\ Min 69.7 | 68.5 | 67.5 | 68.8 | 67.4 | 66.8 | 69.9 | 67.9 | 64.6 | 69.8 | 67.1 | 65.9 | 70.5 | 66.4 | 66.1 
an Mex 82.9 | 75.4 | 71.6 | 84.9 | 76.3 | 70.1 | 80.7 | 71.3 | 66.5 | 80.9 | 72.1 | 68.2 | 77.8 | 69.7 | 67.0 
Min 71.1 | 70.9 | 69.8 | 71.1 | 71.1 | 68.9 | 71.9 | 70.0 | 66.2 | 72.1 | 70.4 | 67.9 | 73.1 | 69.2 | 66.7 
25 { Max 83.6 | 77.4 | 73.4 | 85.8 | 78.0 | 71.2 | 83.4 | 73.2 | 67.9 | 83.1 | 73.5 | 69.7 | 80.5 | 71.2 | 68.3 
Min 72.0 | 72.4 | 71.2 | 71.6 | 72.4 | 70.0 | 73.3 | 71.8 | 67.8 | 73.3 | 71.6 | 69.6 | 74.6 | 71.0 | 67.8 
96 { Max 73.8 | 74.0 | 73.5 | 75.9 | 73.5 | 72.0 | 75.4 | 74.1 | 69.3 | 75.2 | 74.1 | 71.1 | 76.5 | 72.8 | 69.6 
“07 Min 69.3 | 73.2 | 72.2 |"66.2 | 72.7 | 70.7 | 74.2 | 73.0 | 69.2 | 73.9 | 72.9 | 70.6 | 75.5 | 72.7 | 69.0 
a7 { Max 69.1 | 70.0 | 69.9 | 67.9 | 69.9 | 69.3 | 72.9 | 71.3 | 69.3 | 73.1 | 70.7 | 70.4 | 71.8 | 72.6 | 70.2 
“") Min 64.2 | 68.2 | 68.8 | 67.2 | 68.3 | 68.0 | 68.5 | 70.0 | 68.2 | 68.1 | 69.6 | 69.8 | 69.9 | 71.5 | 70.0 
ag { Max 65.8 | 64.6 | 64.7 69.4 65.1 65.1 | 66.7 | 66.2 | 66.2 | 67.1 | 65.4 | 66.6 | 66.9 | 69.4 | 69.2 
“9! Min 58.4 | 62.4 | 63.8 53.4 62.1 | 64.2 | 61.9 | 64.8 | 64.8 | 61.6 64.3 | 65.1 | 64.6 | 67.9 | 68.4 
aes 75.4 | 68.9 | 65.7 | 73.1 | 70.0 | 65.1 | 73.8 | 65.4 | 64.4 | 73.8 | 65.6 | 65.0 | 71.3 | 67.5 | 67.5 
Min 57.7 | 62.3 | 63.2 | 58.1 | 62.3 | 63.6 | 61.1 | 63.9 | 63.7 | 61.2 | 63.5 | 64.3 | 65.3 | 66.7 66.8 
Max. .| 76.83} 71.01} 69.19) 77.19 71.36 67.73) 76.03) 69.68] 66.28|-75.78| 69.22) 67.57| 75.08) 69.93] 67.44 
Ave.) Min. .| 66.19] 67.94) 67.58) 65.02) 67.27. 66.55) 67.99| 68.36] 65.67| 67.72) 67.58] 66.87| 70.84| 69.22] 67.06 
‘Range | 10.64} 3.07) 1.61, 12.17 4.09 1.18} 8.04) 1.32} 0.61] 8.06] 1.64) 0.80/ 4.24] 0.71] 0.38 


EXPERIMENT STATION BULLETINS. 763 


TABLE 58—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, JULY, 1914 


Date— |} Gravel. Sand. Loam. Clay. | Peat. 
Maximum, | 
minimum. 6” 12" 18” 6” 122 1 18” | 6” 12” 18” 6” | 12” 18” | 6” 2. 18” 
{ Max....| 66.8 | 66.7 | 66.7 | 66.9 | 66.8 | 66.5 | 66.9 | 67.0 | 64.6 | 66.9 | 67.0 | 65.7 | 69.2 | 67.5 | 66.5 
\ Min 64.5 | 65.4 | 65.4 | 63.1 | 65.3 | 65.1 | 65.2 | 65.9 | 64.4 | 65.1 | 65.7 | 65.3 | 67.6 | 67.1 | 66.3 
| | 
2 { Max....| 69.5 | 66.3 | 65.0 | 71.4 | 66.9 64.5 | 69.3 | 65.1 | 64.3 | 69.9 | 65.1 | 65.1 | 68.9 | 66.7 | 66.2 
\ Min....| 61.4 | 63.3 | 63.9 | 60.2 | 62.9 | 3.8 | 62.6 | 64.6 63.6 | 62.5 | 64.0 | 64.4 | 65.4 | 66.1 | 65.9 
3 Max....| 77.8 | 70.4 | 66.8 | 79.9 | 71.4 | 65.9 75.8 | 66.4 | 63.9 | 76.2 | 67.0 | 65.0 | 73.6 | 66.5 | 65.8 
Min....| 60.9 | 63.6 | 64.1 | 60.0 | 63.5 | 68.9 | 62.9 | 64.7 | 63.6 3.1 | 64.5 | 64.6 66.5 | 66.1 | 63.5 
4/ Max.... TET) THe) | 68.3 | 72.7 | 71.4 | 67.1 | 75.7 | 68.2 | 65.0 | 75.6 | 68.6 | 66.3 | 73.8 | 67.6 | 65.9 
\ Min....| 66.6 | 67.9 | 67.8 | 60.2 | 67.6 ; 66.4 | 67.9 | 67.4 64.7 | 67.9 | 67.4 | 66.2 | 70.2 | 67.5 | 65.7 
6 Max 85.0 | 76.9 | 72.6 | 85.9 | 77.1 | 70.5 | 82.8 | 72.3 | 67.3 | 82.1 | 71.9 | 69.0 | 81.1 | 70.7 | 67.8 
Min 70.0 | 71.5 | 70.3 | 68.8 | 71.1 | 69.2 | 71.3 | 70.8 | 67.1 | 70.8 | 69.8 | 68.8 | 74.5 | 70.6 | 67.1 
| | ‘i 
7 Max 84.6 | 77.5 | 73.6 | 84.7 | 77.4 | 71.4 | 82.9 | 73.6 | 68.7 | 82.3 1 73.2 | 70.4 81.9 | 72.5 | 69.2 
Min STN 3 S| 7026: 1 69285 || 7274 | 70.3 | 72.6 | 72.2 | 68.6 | 71.8 | 70.9 | 70.0 76.2 | 72.4 | 68.5 
| 
8 Max. . 84.9 | 77.6 | 74.1 | 84.4 | 77.3 | 72.0 | 83.1 | 74.4 | 69.8 | 82.5 | 73.8 | 71.2 | 82.2 | 73.9 | 70.3 
Min. . TOMA TOE H eon Ml ends |code eae |) v4e4s | 7d240 6906) | fos8 tesco. || 20.0 | CAC Val Sri fal etait} 
g { Max 86.0 | 78.2 | 74.6 | 85.4 | 77.9 | 72.4 | 84.1 | 74.6 | 70.3 , 83.3 | 73.9 | 71.9 | 83.1 | 74.8 | 71.3 
\ Min WDAN T3600 7207 | LOLOn| iaeo ewlea | weet colo ll wOnkull Wao titaek jalso | 77.4 | 74.5 ) 70.9 
19 { Max _| 88.6 | 80.2 | 76.1 | 87.7 | 79.8 | 73.5 | 86.6 | 76.2 | 71.0 | 85.7 | 75.3 | 72.6 | 85.4 | 75.7 | 72.0 
\ Min .| 73.9 | 75.0 | 74.8 | 72.3 | 74.5 | 72.2 | 74.9 | 74.6 | 70.9 | 74.1 | 73.3 | 72.2 (ieren|) Mince s Ally (bart 
| 
11 Max 87.4 | 80.8 | 77.4 | 86.3 | 80.1 | 74.7 | 86.1 | 77.7 | 72.1 | 85.5 | 76.9 | 73.8 | 85.9 | 77.0 | 73.1 
Min 7B Wad ws lorGud | rOcGula 1400) | fOc2 | Orolo TLeOe | Wel (DL listocd, oS. 2: | (O.0el vou 
13 { Mo 80.4.) 7720"| 7628: 1.79.6 || 76.7 75:3 | 29:6: 20-9 | 73.7 79.50) 7658 | 74.8) Sl. | 78:25) 74-7 
Min FETOU TEL TOES TOL WOLOnl Wooo timate tieOs| Wardell WeeOtoeO | (eepy | GO0s0 lve Onlevaen 
14 Max 73.6 | 73.8 | 74.1 | 72.6 | 73.3 | 73.4 | 74.6 | 75.6 | 72.9 | 74.4 | 74.4 | 73.9 | 77.6 | 77.4 | 74.9 
Min 79 4 | 73.0 | 79.6 | 71.0 | 72.5 | 71.9 | 74.4 | 74.1 | 71.9 | 73.9 | 78.6 | 72.8 | 76.5 | 76.5 | 74.6, 
15 Max 7Z29) 736 eicer | reed) lnvake| Qle2 larvolulevacOnlalea liter tec4n) 2.0) fO-9 | 2059) \074ed 
“\ Min 6968 7087 | TORO G87 | Or) TOL | Le T2e Ors Wie 2) Mild | et 74d |S VAr Gale vaco 
16 Max 85.2 | 77.6 | 73.9 | 88.6 | 79.1 | 72.8 | 84.0 | 74.1 | 70.4 | 83.4 | 73.8 | 71.4 | 81.5 | 74.6 | 73.1 
Min AGO 7OQAON Tae | Ord | 7156 | "7OUS)|) 4225: | 72264 708 |) 7222.) W18 | Te | ae eae e726 
17{ Max 86.3 | 79.9 | 76.6 | 87.3 | 80.5 | 74.9 | 85.4 76.6 | 71.5 | 84.3 | 76.5 | 73.1 | 84.1 | 76.8 | 73.0 
Min TANG NO 75LO| aoe Toek | Gals \ioerel eOL9et tol49) Theo | wOedk (c4c6 5) 2259) efSeontos6)) izes 
18 { Max 76.6 | 75.2 | 75.5 | 76.1 | 74.8 | 74.8 | 76.5 | 76.6 | 72.6 | 75.6 75.5 | 74.0 | 78.6 | 76.9 | 73.7. 
Min 79.5 | 73.8 | 73.5 | 71.3 | 73.6 | 72.8 | 74.5 | 74.6 | 72.0 | 73.4 | 73.5.) 73.0 | 77:3 | 76.1 | 73.6 
| 
99 / Max 83.6 | 75.9 | 72.4 | 93.6 | 76.1.| 71.2 )SeSe | 72e6u) 0-05) SOLSs) W201 | 205d | eS: 68| 073.8 172-6 
\ Min 67.7 | 70.0 | 70.0 | 66.1 | 69.8 | 69.7 | 69.2 | 70.9 | 69.5 | 68.5 | 69.9 | 70.1 | 73.0 | 73.1 | 71.9 
a{ Man 83.9 | 77.8 | 74.3 | 84.1 | 77.5 | 72.6 | 83.2 | 74.1 | 70.4 | 82.1 | 72.7 | 71.4 | 81.7 | 74.1 | 71.9 
“* \ Min Teo TORO ero Sal GOn9 | T2cOnl tap) \evereu| v2eS) Onde aiecn | ec0 loka | 97529 73.94 71.8 
29 { Max 85.6 | 79.6 | 76.1 | 85.6 | 79.2 | 74.0 | 85.4 | 76.1 | 71.4 | 84.1 | 73.9 | 72.7 | 84.1 | 75.4 | 72.6 
~\ Min Moro Teed TAD \evoel i (4soal T2-or | wocon| (405, | vdeo gaol Yoeo | vaee]) COeon||| daca ledene 
23 { Max 79:4 \-7726-, 7609 | 18a. ered. | wee | SOl8 | WA 227 | 7928, 2a), |, 7400 811 (276.9) 737 
Min 76.9 | 76.9 | 75.9 | 76.6 | 76.4 | 74.4 | 78.4 | 76.6 | 72.5 | 77.8 | 74.4 | 73.8 | 80.3 | 76.7 | 73.1 
a4 { ox COMMA ezoe4 Wires) ermal! wAcOllazese| 2OnOl area tonne fon lt4ONl, Coss |eroson eased 
Min 730) Ald) aD) | YOeD i) aes | Foes lea Gul wos) |e daek | dost | teco | verona) eteOn atOscn|iroag 
25{ Me 86.4 | 80.3 | 76.8 | 84.9 | 79.9 | 74.6 | 85.9 | 76.9 |.72.5 | 84.6 | 76.5 | 73.4 | 84.6 | 76.5 | 74.0 
Min 72.3 | 74.5 | 74.0 | 70.9 | 74.0 | 72.9 | 74.6 | 74.8 | 72.1 | 74.0 | 73.4 | 73.4 | 77.4 | 76.3 | 74.0 
a7 { Ma 78.8 | 77.6 | 77.3 | 77.8 | 77.0 | 75.8 | 78.8 | 78.0 | 73.9 | 78.1 | 76.4 | 75.3 | 80.6 | 78.2 | 75.0 
Min. 75.5 | 77.0 | 76.3 | 74.0 | 76.2 | 74.8 | 77.6 | 76.9 | 73.7 | 76.6 | 74.9 | 74.6 | 80.2 | 77.8 | 74.8 
28 { Max (88D | TAeO aor eeeael Chet racOh ee SiaalecO.UNligseeu| Grol eeoul| Zao nO. O08 of facil mae 
Min GSl9: AP QEL I ewG | GbeGl) Wes | TIO) 7220. | 7329) | 7222) asa 72-9 75.00) Gk er4 8 
29 { Max -79L 6" PAL Sh asinine seo a eacAalvdleS.| 29s loeoean| a heOul chee Cha e200 eoste | cOcUnl Wace 
Min....| 69.4 | 69.6 | 70.4 | 68.5 | 68.9 | 70.1 | 70.0 | 71.7 | 70.8 | 69.8 | 70.3 | 71.4,| 72.8 | 74.6 | 73.9 
30{ Maes 81.0 | 75.1 | 72.4 | 80.6 | 75.1 | 71.6 | 80.0 | 73.0 | 71.1 | 78.9 | 71.1 | 71.8 | 78.3 | 74.9 | 73.6 
Min....| 66.0 | 70.3 | 70.6 | 63.4 | 69.8 | 70.3 | 68.8 | 71.5.| 70.1 | 67.8 | 69.6 | 70.9 | 72.8 | 73.9 | 73.0 
31 { Max... . 80.4 | 75.8 | 73.3 | 78.4 | 75.4 | 72.2 | 79.9 | 73.4 | 70.8 | 78.9 | 72.3 | 71.7 | 78.8 | 74.6 | 73.0 
Mines OO VIET Weries) | Gran | visited Wea Mero eS SORA WOsbe| 70.9 | Pet 742 | Toco iio. 
Max..| 80.74) 75.69) 73.50) 80.58] 75.84) 72.11) 80.03| 73.90) 70.36] 79.42! 73.00) 71.56] 79.67) 74.33! 71.92 
Ave.{ Min..| 70.88) 72.28) 71.86) 69.33] 71.86, 70.90) 72.47| 72.58) 69.94) 71.90) 71.45) 71.02) 75.39] 73.81) 71.56 
Range| 9.86) 3.61) 1.64) 11.25) 3.98! 1.21) 7.56) 1.32) 0.42) 7.52) 1.55) 0.54) 4.28) 0.52| 0.36 


764 STATE BOARD OF AGRICULTURE. 


TABLE 59.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, AUGUST, 1914. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maximum, as = = ouee as 
minimum. 6" 12” 18” 6” PV a le 6" Lae) US 6” UR a fi 6" 12% 2 ones 
1 Max....| 82.1 | 77.1 | 74.5 | 80.4 | 76.5 | 72.6 | 81.5 | 74.2 | 70.9 | 80.7 | 72.6 | 71.9 | 80.4 | 74.6 | 72.6 
\ Min....]| 70.8 | 73.4 | 72.9 | 69.8 | 72.9 | 71.8 | 72.6 | 73.1 | 70.8 | 71.7 | 70.4 | 71.6 | 75.6 | 74.1 | 72.5 
3 | Max.... 82.1 | 77.4 | 74.6 | 81.0 | 76.6 | 73.2 | 82.0 | 74.8 | 71.8 | 81.0 | 73.4 | 72.9 | 80.6 | 75.4 | 73.3 
°\ Min....] 71.1} 73.6 | 73.2 | 69.3 | 72.8 ])72.1 | 78.3 1.73.8 | 7125 || 72:5 |-72225| 7 204e Foran eae eae 
| 
4 Max....| 83.3.| 76.9 | 74.1 | 81.8 | 75.8 | 73.0 | 81.6 | 74.6 | 72.0 | 80.6 | 73.0 | 73.1 | 79.2 | 75.7 | 73.5 
Min: ...| 68.72 | 72.3 | 72.5 | 67-4 | 71:54)) 77 {970.87 foul | 71.4 | 69.8 | 70.7 | 72.1 | 74.6 | 74.9 | 73.4 
~ { Max....| 83.8 | 77.0 | 74.1 | 82.2 | 75.8 | 73.1 | 81.8 | 74.6 | 71.9 | 80.6 | 72.5 | 72.9 | 79.8 | 75.5 , 73.6 
°) Min....| 70.4 | 72.7 | 72.8 | 68.9 | 71.8 | 71.9 | 71.7 | 73.2 | 71.2 | 70.6 | 70.8 | 72.0 | 74.5 | 74:9 | 73.3 
6 Max....| 76.7 | 77.0 | 74.7 | 81.0 | 75.9 | 73.5 | 81.2 | 74.9 | 71.9 | 80.4 | 72.9 | 72.9 | 79.5 | 75.6 | 73.5 
Min....| 72.5 | 73:7 | 73.7 | 71.6 | 72.9 | 72.6 | 73.6 | 74.0 | 71.5 | 72.6 | 72.2 | 72.5 | 7oeL |) vo. Onivoro 
~ { Max....| 86.0 | 79.3 | 76.1 | 84.6 | 78.0 | 73.8 | 84.8 | 75.9 | 72.1 | 83.6 | 74.1 | 73.4 | 82.6 | 75.6 | 73.6 
“\ Min. ...} 73.5 | 74.8 | 74.1 | 71.8 | 73.9 | 72.9 | 74.6 | 74.6 | 71.9 | 73.6 | 72.8 | 73.0 | 77.3 | 75.4 | 73.6 
8 { Max....| 87.9 | 80.0 | 76.9 | 85.8 | 78.6 | 74.9 | 85.8 | 76.8 | 72.9 | 84.6 | 74.9 | 74.3 | 83.1 | 76.6 | 74.1 
\ Min....| 74.0 | 75.7 | 75.0 | 73.0 | 74.6 | 74.0,] 75.3 | 75.5 | 72.9 | 74.1 | 72.9 | 73.9 | 78.0 | 76.3 | 73.9 
10 Max....| 80.1 | 76.9 | 76.8 | 78.3 | 76.1 | 75.4 | 79.1 | 77.3 | 74.1 | 78.7 | 75.8 | 75.3 | 79.1 | 77.6 | 75.3 
\ Min....| 75.3 | 76.4 | 75.8 | 74.4 | 75.5 | 74.6 | 76.4 | 76.5 | 73.9 | 75.7 | 75.0 | 74.8 | 78.0 | 77.3 | 75.0 
| | 
i Max....| 78.6 | 73.7 | 73.7 | 76.9 | 73.8 | 73.1 | 76.2 | 74.9 | 73.5 | 75.9 | 73.8_| 74.3) || 77.0 || 76.9 |. fo.4 
Min....] 73.1 | 71.5 | 72.4 | 72.6 | 70.7 | 71.8 | 71.5 | 73.9 | 72.3 | 70.8 | 72.0 | 72.9 | 74.6 | 75.3 | 74.9 
re { Max....| 79.1 | 73.5 | 71.4 | 80.1 | 73.8 71.3 | 78.2 | 72.7 | 71.9 | 77.3 | TM nes\a2e0 | 76.1 | 75.4 | 74.6 
“\ Min....| 65.5 | 69.0 | 69.8 | 62.9 | 68.6 | 70.1 | 68.4 | 71.3 | 70.8 | 67.7 | 70.1 | 71.2 | 71.7 | 74.1 | 74.0 
13! Max....| 72.9 | 71.7 | 71.5 | 73.0 | 71.4 | 71.4 | 72.8 | 72.8 | 70.9 | 72.3 | 71.7 | 71.7 | 73.9 | 74.1 | 73.5 
rl Min....| 68.6 | 70.7 | 70.9 | 67.3 | 70.4 | 70.8 | 70.6 | 71.9 | 70.5 | 69:9 | 71.1 | 71.1 | 72.9 | 73.6) 73.1 
14 Max....| 70.9 70.2 | 69.8 | 70.6 | 70.4 | 69.5 | 71.6 | 70.5 | 70.0 | 71.7 | 69.9 | 70.7 | 71.9 | 72.8 | 72.6 
\ Min....| 65.1 | 67.9 | 68.7 | O°g9 | 67.4 | 68.8 | 66.8 | 69.6 | 69.2 | 66.5 | 68.9 | 69.7 | 69.9 | 71.9 | 72.1 
15 Max....| 76.7 71.0 | 69.0 | 78.6 | 72.1 | 68.8 | 75.8 | 69.3 | 68.9 | 67.6 | 69.2) | 69.5 | 7252) geal teenie 
“\ Min....| 62.5 | 66.1 | 67.0 | 59.8 | 66.1 | 67.6 | 64.6 | 68.0 | 68.1 | 64.4 | 67.4 | 68.5 | 67.6 | 70.4 | 71.0 
17 Max....| 75.6 | 72.0 | 70.5 | 76.4 | 72.6 | 69.9 | 74.9 | 70.4 | 68.4 | 75.4 | 70.6 | 69.4 | 73.8 | 70.4 | 70.0 
“\-Min....] 67.4 | 69.3 | 69.3 | 66.6 | 69.1 | 69.1 | 68.9 | 69.7 | 68.2 | 68.6 | 69.3 | 69.2 | 70.2 | 70.1 | 69.8 
18 { Max....| 80.6 | 74.8 | 72.2 | 82.1 | 75.4 | 71.1 | 79:0 | 71.8 | 69.0 | 79.1 | 72.1 | 70.1 | 76.7 | 71.0 | 70.0 
\ Min....| 70.7 | 71.0 | 70.7 | 70.2 | 70.9 | 70.3 | 71.7 | 70.9 | 68.8 | 71.6 | 70.9 | 70.0 | 72.7 | 70.9 | 69.9 
19 Max....| 78.8 | 75.5 | 73.6 | 78.5 | 75.7 | 72.3 | 78.4 | 73.5 | 70.0 | 78.8 | 73.6 | 71.4 | 77.4 | 72.4 | 70.7 
Min....| 71.7 | 72.7 | 72.2 | 70.8 | 72.4 | 71.5 | 73.1 | 72.5 | 69.9 | 72.9 | 72.3 | 71.0 | 74.5 | 72.1 | 70.7 
og { Max | 78.5 | 75.4 | 73.7 | 78.0 | 75.5 | 72.5 | 78.3 | 73.7 | 70.6 | 78.4 | 73.8 7231 | Tie2.ieoake aie 
= \ Min......|| 72.1: | 7229 | 72.6 | 71.3 | 7256.) 70.9 | 73:4 | 7229 | 70:6 | 781201 72.8 | 77 | eee ener eee 
| | 

91 { Max....) 80.6 76.0 | 73.7 | 81.6 | 76.6 | 72.6 | 80.5 | 73.9 | 71.1 | 80.2 | 74.0 | 72.3 | 77.9 | 73.6 | 72.0 
“| Min..,.| 70.7 | 72.0 |) 72.1 | 69.8) 71.8 | 71.7 | 72.4 | 72-9 || 70.7 |) 72:38\ | 72,4 || 7129) | 74.00 ianom ee 
99 { Max....] 80.2 | 75.9 | 73.7 | 81.8 | 76.4 | 72.6 | 80.2 | 73.9 | 71.4 | 79.6 | 73.6 | 72.6 | 77.7 | 74.1 | 72.3 
“°\ Min....| 68.6 | 71.9.) 71.8 | 67.5 | 71.5 | 71.4) 71.3 | 72.8 | 70.9 | 7059) 72.2) |'71-9) |) 7326h sionpetedeees 
24{ Max....| 72.8 | 73.2 | 73.8 | 72.4 | 72.9 | 73.1 | 73.4 | 74.2 | 71.6 | 72.6 | 73.6 | 72.8 | 74.9 | 74.5 | 72.8 
“~\ Min. ...| 70.9 | 71.7 | 72.1 | 69-8 | 71.3\) 71.6.) 71.4 | 72.7 | 71.1 | 70.9" | 71.9) 71.9) Wers |tosomieaeen 
os J Max....| 75.4 | 70.9 | 69.4 | 75.9 | 71.0 | 69.5 | 74.6 | 70.3 | 70.6 | 73.4 | 69.2 | 70.9 | 72.6 | 73.1 | 72.6 
“9 Min....| 61.8 | 66.3 | 67.9 | 59.2 | 65.6 | 68.2 | 63.8 | 69.0 | 69.0 | 63.1 | 67.6 | 69.4 | 67.2 | 71.4 | 72.0 
26 Max....| 75.2 | 70.7 | 69.2 | 74.7 | 70.9 | 69.3 | 74.1 | 69.9 | 69.1 | 73.2 | 68.7 | 69.6 | 72.6 | 71.6 | 71.5 
Min....| 63.6 66.8 | 67.9 | 61.5 | 66.4 | 68.0 | 65.4 | 68.4 | 68.1 | 64.4 | 67.2 | 68.4 | 67.8 | 70.5 | 70.8 
97 { Max.... 77.3 | 72.4 | 70.4 | 77.0 | 72.6 | 69.5 | 76.6 | 70.1 | 68.3 | 75.4 | 69.5 | 68.9 | 74.9 | 70.8 | 70.5 
\ Min....| 66.8 ; 68.6 | 68.7 | 64.0 | 68.3 , 68.6 | 67.8 | 68.9 , 67.9 | 66.9 | 68.1 | 68.6 | 69.8 | 70.3 | 70.2 
og { Max....| 70.3 | 70.0 | 70.1 | 69.6 | 69.6 | 69.9 | 70.6 | 70.5 | 68.6 | 70.0 | 69.4 | 69.5 | 71.6 | 71.0 70.2 
“’\ Min. ...| 66.6 | 68.6 | 69.1 | 64.9 | 68.0 | 69.0 | 67.5 | 69.3 | 68.3 | 66.7 | 68.4 | 68.9 | 69.8 | 70.5 | 70.1 
99 { Max... 69.6 | 68.1 | 67.7 | 69.7 | 68.0 | 68.0 | 69.6 | 68.3 | 68.1 | 69.5 67.3 , 68.4 | 69.0 , 70.2 | 70.1 
\ Min....] 62.4 | 65.2 | 66.6 | 60.4 | 64.7 | 66.8 | 64.1 | 67.1 | 66.9 | 63.8 | 66.3 | 67.2 | 66.4 | 69.3 69.5 
31 Max....| 72.9 | 69.3 | 67.5 73.2 | 69.4 | 67.0 | 71.9 | 67.1 | 65.8 | 72.0 | 67.1 | 66.4 | 69.4 | 67.5 | 68.3 
| Min....| 64.6 | 65.4 | 66.0 | 63.6 | 65.2 | 66.0 | 65.1 | 66.1 | 65.6 | 65.0 | 65.6 | 66.0 | 66.4 | 67.2 | 67.8 
Max..| 78.00) 74.07, 72.41) 77.89) 73.90) 71.57| 77.48) 72.73] 70.58) 76.64) 71.83] 71.53) 76.20) 73.48) 72.30 
Ave. Min. .| 68.81] 70.78 70.99) 67.36) 70.26) 70.57) 70.24) 71.60) 70.08) 69.62) 70.44) 70.84| 72.56) 72.85) 72.00 
Range| 9.19 He 1.42) 10.53} 3.64) 1.00) 7.24) 1.13] 0.51) 7.02) 1.39) 0.69 3.64 0.63) 0.30 


EXPERIMENT STATION BULLETINS. 765. 


TABLE 60.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, SEPTEMBER, 1914. 


Date— Gravel. Sand. | Loam. Clay. Peat. 
Maximum, 
minimum. 6” us4 18” Be fp 18” 6” | a2 18” 6” 12% fh Sr 6” 12” 18” 
" { Max....| 74.2 | 71.2| 69.6 | 73.1 | 71.7 | 69.2 | 73.8 | 69.2 | 66.9 | 73.9 | 69.3 | 67.7 | 71.6 | 68.2 | 67.8 
1) Min... 68.6 | 68.6 | 68.4 | 67.4 | 68.4 | 68.1 | 68.9 | 68.5 | 66.8 | 68.9 | 68.1 | 67.5 | 69.4 | 67.9 | 67.6 
> | Max....| 68.7 | 69.5 | 69.5 69.2 69.4 | 69.3 | 70.4 | 69.6 | 67.4 | 70.4 | 69.3 | 68.5 | 70.4 | 68.9 | 68.4 
“\ Min...:}| 68.6 | 68.9 | 69.0 | 67.1 68.5. | 68.7 | 69.4 | 69.1 | 67.3 | 69.2 | 68.8 | 68.4 | 69.6 | 68.9 | 68.0 
3 | Max 68.8 | 67.1 | 66.8 | 68.1 | 67.9 | 67.2 | 69.4 | 67.6 | 67.2 | 69.1 | 66.9 | 68.1 | 68.3 | 68.9 | 68.6 
Min....| 61.4 | 64.8 | 65.8 | 58.8 | 64.6 | 66.3 | 63.2 66.5 | 66.4 | 63.0 | 65.9 | 66.9 | 65.7 | 68.2 | 68.5 
4 Max 69.1 | 66.1 | 65.6 | 69.9 66.4 | 66.2 | 68.5 66.3 | 66.3 | 68.0 | 65.7 | 66.9 | 66.8 | 68.0 | 68.3 
Min 59.5 | 63.0 | 64.6 56.5 | 62.7 | 65.2 | 61.9 | 65.4 | 65.4 | 61.6 | 64.6 | 65.8 | 64.1 | 66.9 | 67.8 
| | | 
~ {| Max 69.0 | 66.1 | 65.0 | 70.1 | 66.4 | 65.3 | 68.2 | 65.3 | 65.3 67.9 | 64.6 | 65.8 | 66.2 | 66.9 | 67.5 
° | Min 58.8 | 62.9 | 63.6 | 55.7 | 62.5 | 64.2 | 60.7 | 64.1 | 64.5 | 60.3 | 63.4 | 64.8 | 63.1 | 66.0 | 66.9 
7 Max | 63.2 | 63.6 | 65.1 | 63.3 | 63.6 | 65.4 | 64.6 | 65.5 | 64.9 64.8 | 64.9 | 65.6 | 64.7 | 66.1 | 66.3 
\ Min .| 60.3 | 62.8 | 63.9 | 58.9 | 62.5 | 64.3 | 62.0 64.3 | 64.2 | 62.0 | 63.9 | 64.8 | 63.7 | 65.7 | 66.2 
| | 
8 Max | 65.6 | 63.4 | 62.8 | 66.1 | 63.7 | 63.5 | 65.8 | 63.5 | 64.0 | 65.3 | 62.9 | 64.4 | 63.9 65.3 | 66.1 
Min 55.2 | 59.7 | 61.5 | 53.2 | 59.3 | 62.4 | 58-0 | 62.3 | 63.1 | 58.1 | 61.6 | 63.4 | 60.9 | 64.4 | 65.5 
| | 
9 WViax | 67.0 | 63.9 | 62.5 | 66.9 | 64.1, 62.6 | 66.6 ; 62.5 | 63.1 | 66.1 | 62.0 | 63.6 | 64.0] 64.2 | 65.2 
\ Min. | 54.7 | 59.3 | 60.8 | 52.9 | 58.7 | 61.5 | 57.1 | 61.6 | 62.1 | 56.8 | 60.8 | 62.5 | 59.4 | 63.2 | 64.6 
| | 
10 Max... .| 62.3 | 61.6 | 62.4 | 62.4 | 61.6 | 62.8 | 62.3 | 62.7 | 62.6 | 62.0 | 61.9 | 63.0 | 61.4 | 63.6 | 64.5 
\ Min....| 55.9 | 59.4 | 60.9 | 51.7 | 58.8 | 61.7 | 57.8 | 61.4 | 61.8 | 57.4 | 60.5 | 62.1 | 59.4 | 62.7 | 64.1 
7 Max... .| 59.7 | 59.9 | 61.3 | 59.4 | 59.7 | 61.8 | 59.8 | 61.5 | 61.7 | 59.9 | 60.8 | 62.0 | 60.0 | 62.4 | 63.7 
Mines} 57.4 | 59.3 | 60.5 | 56.3 | 58.9 | 61.0 | 58.1 | 60.5 | 61.1 | 58.1 | 60.0 | 61.5 | 59.3 | 62.0 | 63.2 
| 
12 Max....| 61.9 | 59.9 | 59.4 | 62.0 | 60.0 | 59.9 61.1 | 59.5 | 60.9 | 61.3 | 68.8 | 61.1 | 59.5 | 61.5 | 63.0 
Min....| 52.0 | 56.6 | 58.1 | 50.0 | 56.0 | 59.0 | 53.8 58.4 | 59.8 | 53.8 | 57.8 | 60.0 | 56.2 | 60.5 | 62.4 
14 Max. . | 68.0 | 63.4 | 61.8 | 69.4 | 64.1 | 61.7 | 66.4 | 61.1 | 60.0 | 66.5 | 61.2 | 60.9 | 63.4 | 60.6 | 61.7 
Min. . 57.4 | 59.7 | 60.2 | 56.9 59.6 | 60.7 | 58.4 | 60.0 | 59.8 | 58.5 | 59.8 | 60.7 | 59.8 | 60.6 | 61.5 
15 Max 68.9 |-05.6 | 63.9 | 69.7 | 66.0 | 63.5 | 67.7 | 63.1 | 61.3 | 67.9 | 63.4 | 62.3 | 65.6 | 61.8 | 61.8 
\ Min 62.6 | 62.9 | 62.7 | 62.3 | 63.0 | 62.7 | 62:6 | 62.3) | 60.8 | 62:7 | 62.1 | 62.0 | 62.9 | 61.5.) 61.6 
16 Max.. 73.6 | 68.6 | 66.0 | 73.0 | 69.2 | 65.0 | 72.4 | 65.1 | 62.3 | 71.9 | 65.4 | 63.4 | 69.3 | 63.1 | 62.6 
\ Min... | 62.9 | 64.1 | 63.8 | 62.1 | 63.9 | 63.6 | 63.6 | 63.6 | 62.0 | 63.6 | 63.4 | 63.1 | 64.2 | 62.7 | 62.2 
| 

17 / Max 73.4 | 68.5 | 66.1 | 74.6 | 68.9 | 65.3 | 72.2 | 65.5 | 63.4 | 71.3 | 65.4 | 64.6 | 69.5 | 64.3 | 63.5 
\ Min 61.1 | 63.8 | 64.2 | 57.3 | 63.3 | 64.1 | 62.4 | 64.2 | 63.1 | 62.0 | 63.6 | 64.1 | 63.7 | 64.1 | 63.2 
18 Max.. 73.9 | 68.7 | 66.3 | 73.1 | 68.9 | 65.5 | 72.4 | 65.9 | 64.0 | 71.5 | 65.6 | 65.0 | 69.7 | 65.2 | 64.2 
Min. . 61.5 | 64.1 | 64.6 | 59.5 | 63.7 | 64.4 | 62.8 | 64.7 | 63.6 | 62.2 63.9 | 64.3 | 64.0 | 64.8 | 64.1 
19 Max. . 74.9 | 69.2 | 66.7 | 75.1 | 69.4 | 65.9 | 73.4 | 66.3 | 64.4 | 72.3 | 66.0 | 65.2 | 70.5 | 65.8 | 64.9 
Min. . 62.5 | 64.4 | 65.1 | 60.9 | 64.0 | 64.9 | 63.6 | 65.3 | 64.1 | 62.9 64.4 | 64.6 | 64.9 | 65.4 | 64.6 
a1 Max....| 78.0 | 72.6 | 69.7 | 78.8 | 72.4 | 68.2 | 76.9 | 69.3 | 65.7 | 76.2 | 69.0 | 66.6 | 74.9 | 67.6 | 66.2 
Min....| 67.5 | 68.5 | 67.9 | 66.4 | 68.2 | 67.1 | 67.9 | 67.7.| 65.4 | 67.2 | 67.2 | 66.4 | 69.9 | 67.4 | 65.9 
22 Max....| 74.1 | 71.7 | 70.4 | 73.8 | 71.5 | 69.1 74.0 | 70.2 | 66.9 73.6 | 69.9 | 68.0 | 73.6 | 69.1 | 67.1 
Min....| 70.2 | 70.2 | 69.5 | 69.7 | 69.9 | 68.7 | 70.6 | 69.5 | 66.7 | 70.1 | 69.1 | 67.9 | 71.9 | 68.8 | 66.7 
23 {Max....| 65.0 | 67.5 | 68.6 | 64.6 | 67.0 | 68.3 | 65.9-| 69.1 67.2 65.5 | 68.4 | 68.2 | 69.8 | 69.5 | 68.0 
“”\ Min....| 63.7 | 65.6 | 66.4 | 62.5 | 65.3 | 66.3 | 65.1 | 67.0 | 66.65 | 65.1 | 66.5 | 67.1 | 67.4 | 68.8 | 67.8 
24 Max.. 62.2 | 61.6 | 63.4 | 60.4 | 61.4 | 64.1 | 62.4 | 64.6 | 65.5 | 62.3 | 63.7 | 65.9 | 63.1 | 67.9 | 67.9 
“\ Min. ...| 55.3 | 59.9 | 62.0 | 52.8 | 59.2 | 62.4 | 57.7 | 62.7 | 64.0 | 57.7 | 62.0 | 64.1 | 61.6 | 66.3 | 67.1 
25, AE = 63.4 | 61.3 | 61.0 | 62.3 | 61.6 | 61.8 | 63.2 | 61.8 | 63.0 | 62.9 | 60.9 | 63.2 | 62.4 | 65.3 | 66.5 
Min....| 53.8 | 58.1 | 59.8 | 51.1 | 57.7 | 60.8 | 55.8 | 60.7 | 61.9 | 56.0 | 59.7 | 61.5 | 59.3 | 64.1 | 65.7 
26 Max....| 64.0 | 61.5 | 60.5 | 64.8 | 61.8 | 61.3 | 63.3 | 60.9 | 61.6 | 63.0 | 60.0 | 62.0 | 62.4 | 63.6 | 65.0 
\ Min....| 53.0 | 57.4 | 59.0 | 51.2 | 56.8 | 60.0 | 55.0 | 59,6 | 60.8 | 55.0 | 58.8 | 60.3 | 58.2) 62.5 | 64.1 
9g { Max.... 65.6 | 62.0 | 60.9 | 66.0 | 62.2 | 61.5 | 64.1 | 60.9 | 60.8 | 63.6 | 60.2 | 61.3 | 62.4 | 62.1 | 62.9 
\ Min....| 55.3 | 58.5 | 59.7 | 52.7 | 58.1 | 60.4 | 56.6 | 59.7 60.0 | 56.3 | 58.9 | 59.9 | 58.8 | 61.5 | 62.4 
29{ Mae 67.5 | 63.2 | 61.7 | 68.2 | 63.4 | 61.5 | 65.6 | 61.0 | 60.5 | 65.4 | 61.0 | 61.3 | 63.8 | 61.8 | 62.5 
Min....| 56.8 | 59.5 | 60.1 | 54.4 | 59.1 | 60.8 | 57.6 | 60.0 | 60.3 | 57.4 | 59.5 | 60.7 | 59.9 | 61.5 | 62.2 
30{ Moo 66.9 | 63.4 | 62.3 | 67.3 | 63.6 | 62.3 | 65.1 | 62.0 | 60.9 | 65.2 | 61.5 | 61.8 | 64.3 | 62.1 | 62.3 
Min....| 57.4 | 60.3 | 61.0 | 56.2 | 59.9 | 61.5 | 58.4 | 60.9 | 60.6 | 58.1 | 60.4 | 60.6 | 60.6 | 61.9 | 62.1 
Max..| 68.07) 65.43) 64.59, 68.14 65.61| 64.56, 67.52| 64.61, 63.76 67.22 64.19] 64.48| 66.21] 65.14 65.26 
Ave.) Min. .| 59.75, 62.40) 63.20) 57.86) 62.02) 63.50) 61.12) 63.46| 63.17) 60.92) 62.87) 63.66) 62.99) 64.55) 64.84 
Range} 8.32) 3.03) 1.39) 10.28 3.59) 1.06 6.40 1.15 0.59) 6.30, 1.32) 0.82) 3.22) 0.59, 0.41 


766 


STATE 


BOARD OF AGRICULTURE. 


TABLE 61—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, OCTOBER, 1914. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maximum, eee ee ae Te eee me a = ee i 
minimum. | g" ; 12") 18° | 6° ) 12° ) 1a" | 6° 1 42") 18” | 6” ) 12") 18°) Br eee 
;{Max...., 66.5 | 62.9 61.5 | 66.9 | 62.6 | 62.0 | 64.3 | 61.4 | 61.2 | 64.4 | 60.9 61.8 | 63.3 62.3 | 62.4 

\ Min....| 55.2 | 58.8 | 60.0 | 53.6 | 58.3 | 60.6 | 56.3 | 59.9 | 60.4 | 55.9 | 59.0 | 60.9 | 58.9 61.5 rey) 
> {Max...., 65.9 | 62.4 | 61.1 | 62.1 | 62.1 | 61.5 | 63.7 | 60.8 | 60.9 | 63.7 | 60.0 61.5 | 62.7 | 62.0 | 62.4 
“\ Min....| 54.7 | 58.3 | 59.6 | 53.3 | 57.7 | 60.3 | 55.7 | 59.4 | 59.9 | 55.4 | 58.5 | 60.4 | 58.4 | 61.3 | 62.0 
3 {Max.... 64.2 | 61.6 | 60.8 | 64.3 | 61.4 61.3 | 62.6 | 60.5 | 60.3 | 62.7 | 59.7 60.9 | 61.9 | 61.8 | 62.1 

Min....| 55.5 | 58.3 | 59.5 | 545 | 57.9 | 60.0 | 56.1 | 59.2 | 59.6 | 55.9 | 58.4 | 59.9 | 58.3 | 60.9 | 61.9 
Sal Max....| 68.4 | 64.7 | 63.0 | 68.6 | 64.5 | 62.2 | 66.7 | 62.1 | 60.0 | 66.9 | 62.1 | 61.1 | 65.6 | 61.4 | 61.5 
2) Min....| 61.6 | 61.8 | 61.6 | 61.1 | 61.6 | 61.5 | 61-3 | 61.1 | 59.8 | 61.3 | 60.7 | 69.8 | 62.3 | 61.2 | 61.4 
g { Max 70.2 | 66.1 | 64:2 | 70.4 | 65.7 | 63.4 | 68.6 | 63.4 | 61.4 | 68.6 | 63.5 | 62.3 | 67.1 | 62.5 | 62.0 

\ Min 63.0 | 63.4 | 63.1 | 62.4 | 63.1 | 62.8 | 62.9 | 62.6 | 61.2 | 62.9 | 62.5 | 62.0 | 64.1 | 62.3 | 61.8 
7 {Max....| 70.8 66.4 64.5 70.8 | 65.9 63.8 | 68.9 | 63.9 | 62.1 | 69.1 | 63.9 | 63.3 | 67.4 | 63.4 | 62.6 

| Min....| 62.3 | 63.4 | 63.5 | 61.8 | 62.9 | 63.2 | 62.6 | 63.3 | 61.9 | 62.4 | 62.8 | 62.7 | 64.1 | 63.1 | 62.5 
g { Max 67.6 65.6 | 65.1 | 66.7 | 65.4 64.4 | 67.0 | 64.8 | 62.7 | 67.1 | 64.7 | 63.7 | 66.7 | 64.1 | 63.2 

Min 64.0 | 64.7 | 64.6 | 63.1 | 64.2 | 64.1 | 64.4 | 64.3 | 62.6 | 64.2 | 64.1 | 63.7 | 65.6 | 64.1 | 63.1 

| | 
g { Max | 70.3 | 66.8 | 65.1 | 70.6 | 66.8 64.3 | 69.2 65.0 | 62.9 | 69.4 | 65.0 | 63.9 | 68.1 | 64.4 | 63.7 

Min....| 63.1 | 63.9 | 63.9 | 61.1 | 63.6 | 63.6 | 63.6 | 64.0 | 62.7 | 63.7 | 63.7 | 63.4 | 65.0 | 64.3 | 63.6 

| | 
19 { Max....| 65.6 | 65.2 | 65.3 | 65.3 | 65.0 64.7 | 65.7 | 65.3 | 63.3 | 65.7 | 65.3 | 64.4 | 66.6 | 65.0 | 64.1 

Min....| 64.7 | 64.7 | 64.7 | 63.8 | 64.4 | 64.3 | 65.1 | 64.8 | 63.2) 65.1 | 64.7 | 64.1 | 66.0 | 64.8] 64.0 
12 { Max 57.1 | 58.8 | 60.2 | 55.7 | 58.4 60.9 | 58.0 | 61.1 | 62.0 | 58.1 | 60.5 | 62.4 | 59.8 | 63.6 | 64.2 
2\ Min. ...| 53.8 | 57.4 | 59.2 | 51.4] 56.8 59.8) 55.8 | 59.9} 60.7 | 55.5 | 59.4 | 60.9 | 58.5 | 62.3 | 63.6 
1g {Max..../ 54.0 | 56.9 | 58.4 | 52.1 | 56.6 59.2 | 55.3 | 58.9 | 60.0 | 55.6 | 58.5 | 60.4 | 58.1 | 61.8 | 63.1 
?\ Min 52.9 | 55.7 | 57.4 | 51.0 | 55.4 | 58.1 | 54.0 | 57.8 | 59.1 | 54.1 | 57.4 | 59.5 | 56.9 | 60.9 | 62.6 

| | 
| | 
14 { Max... 52.6 53.6 | 55.4 | 51.1 | 53.5 56.8 | 52.7 56.0 | 58.0 | 52.9 | 55.5 | 58.3 | 54.7 59.8 | 61.8 

Min 50.1 | 53.0 | 54.8 | 48.9 | 52.8 | 55.9 | 51.2 | 55.1 | 57.1 | 51.4 | 54.8 | 57.4 | 54.4 | 58.7 | 61.2 

| | 
15 (Max... 57.4 | 56.4 | 56.2 | 57.0 | 56.7 56.8 | 56.9 55.7 | 56.4 | 57.2 | 55.8 | 56.6 | 56.5 57.9 | 60.3 
°\ Min....| 52.9 | 53.8 | 54.9 | 51.2 | 53.8 | 55.8 | 52.9 | 54.8 | 56.1 | 53.1 | 54.6 | 56.3 | 54.3 | 57.4 | 59.6 
16 { Max....| 58.6 | 57.7 | 57.4 | 57.4 | 57.8 | 57.7 | 58.4 | 56.9 | 56.4 | 58.5 | 57.0 | 57.1 | 57.5 | 57.5 | 59.0 
\Min....| 56.4 | 56.6 | 57.0 | 55.5 | 56.9 | 57.5 | 56.4 | 56.5 | 56.3 | 56.7 | 56.7 | 57.0 | 56.8 | 57.2 | 58.5 
17 Max....| 58.1 | 57.8 | 57.6 | 57.5 | 57.9 | 57.8 | 58.1 | 57.1 | 56.9 | 58.4 | 57.1 | 57.7 | 57.5 | 57.4 | 58.3 

Min....| 52.9 | 55.8 | 56.6 | 51.7 | 55.5 | 57.1 | 54.1 | 56.4 | 56.8 | 54.2 | 56.2 | 57.2 | 56.3 | 57.2 | 58.1 
19 { Max | 58.0 | 56.9 | 56.5 | 58.9 | 57.3 | 57.4 | 57.7 | 56.5 | 56.9 | 57.7 | 56.3 | 57.4 | 56.1 | 57.0 | 58.3 

Min 50.4 | 54.4 55.4 | 49.3 | 53.8 56.2 | 52.0 | 55.4 | 56.3 | 52.0 | 54.9 | 56:7 | 53.5 | 56.5 | 57.9 
99 {Max.... 60.6 57.9 | 57.0 | 61.2 | 58.8 57.1 | 59.7 56.4 | 56.5 | 60.0 56.5 | 56.6 | 57.5 | 57.2 | 57.9 

\Min....) 51.6 | 54.5 | 55.4 | 50.5 | 54.3 | 56.1 | 52.6 | 55.4 | 56.0 | 52.9 | 54.9 | 56.4 | 54.0 | 56.1 57.6 

ee | 61.6 | 59.1 | 58.0 | 62.7 | 59.9 | 58.0 | 61.0 | 57.3 | 56.5 | 61.3 | 57.4 | 57.4 | 58.7 | 56.8 | 57.6 

Min....| 53.0 | 55.5 | 56.2 | 52.1 | 55.5 | 57.0 | 54.2 | 56.1 | 56.2 | 54.3 | 56.0 | 56.9 | 55:1 | 56.5 | 57.4 
99 { Max....| 61.7 | 59.0 | 57.9 | 61.7 | 59.6 58.1! 60.7 | 57.6 | 57.0 | 60.9 | 57.6 | 57.9 | 58.4 | 57.2 | 57.8 
““\ Min....| 53.4 | 55.9 | 56.8 | 52.3 | 55.8 | 57.3 | 54.6 | 56.7 | 56.7 | 54.8 | 56.6 | 57.4 | 55.5 | 56.9 | 57.6 
ane ., 60.0 57.8 57.6 60.3 | 58.4 | 58.1 | 59.2 | 57.4 | 57.1 | 59.5 | 57.4 | 58.0 | 57.6 | 57.5 | 57.9 
23) Min....| 52.2 | 55.1 | 56.4 | 51.2 | 54.8 | 57.0 | 53.8 | 56.4 | 56.6 | 53.9 | 56.2 | 57.2 | 54.8 | 56.8 | 57.7 
24 { Max .| 53.9 | 55.9 | 57.1 | 53.1 | 56.1 57.6 | 54.4 56.5 | 56.9 | 54.8 | 56.9 | 57.6 | 55.9 | 57.2 | 57.9 
2). Min...) 52.3 | 54.0 | 56.0 | 51.9 | 54.8 | 56.8 | 53.4 | 55.9 | 56.6 | 53.7 | 55.8 | 57.2 | 54.8 | 56.9 | 97.7 

| | 
Zi i .| 49.1 | 50.0 | 51.6 | 49.7 | 50.1 | 53.2 | 48.5 | 51.9 | 53.8 | 49.3 | 51.6 | 53.8 | 50.0 | 54.2 | 56.8 

Min...) 46.8 | 49.0 | 51.0 | 47.1 | 46.6 | 52.5 | 48.0 | 50.9 | 53.2 | 48.8 | 50.8 | 53.2 | 49.7 | 53.5 | 56.2 
27 { Max....| 43.3 | 44.1 | 48.8 45.3 | 47.6 | 49.8 | 43.8 48.9 | 52.2 | 44.1 | 49.4 | 51.3 | 48.5 | 52.8 | 55.6 

Min....| 40.2 | 42.4 | 47.1) 43.7 | 46.3 | 48.4 | 40.4 | 47.7.| 51.0 | 41.1) 47.2 | 50.5 | 45.4 51.6 | 54.8 
ga) Mex | 45.9 | 47.0 | 48.1 | 45.5 | 47.3 | 48.6 | 45.2 | 48.6 | 49.9 | 45.5 | 45.9 | 49.5 | 45.5 | 50.5 | 53.9 

Min 40.6 | 43.9 | 46.2 | 38.8 | 43.9 | 48.2 | 40.4 | 45.7, 49.4 | 41.0) 45.2 | 48.8 | 42.9 | 49.4 | 53.2 
o9{Max.... 45.5 47.3 | 48.6 44.1 | 48.4 48.8 | 45.7 47.6 | 48.8 | 47.3 | 47.6 | 48.9 | 46.2 | 48.9 | 52.4 

\Min....| 44.8 | 46.4 | 47.5 | 43.4 | 46.4 | 47.1) 45.5 | 46.9 | 48.7 | 45.3 | 47.2 | 48.3 45.4 | 48.6 | 51.8 

30 { Max 48.2 47.5 47.6 48.4 | 47.6 48.5 | 47.2 | 46.3 | 49.8 | 47.6 | 47.2 | 48.9 | 45.7 | 48.6 | 51.4 

Min 40.4 | 44.2 | 47.1 | 39.8 | 44.3 47.6 | 41.3 | 45.6 | 48.5 | 41.4 | 45.3 | 48.1 | 43.3 | 47.7 | 50.9 
a1 {Mx ..| 50.2 | 48.6 | 48.9 50.7 | 49.1 48.9 | 48.8 46.9 | 48.3 | 49.6 | 47.2 | 48.4 | 46.4 | 47.7 | 50.5 

Min 41.0 | 44.8 | 46.4 | 40.7 | 44.9 47.5 | 43.6 | 45.9 | 48.0 | 43.2] 45.6 | 48.2 | 43.5 | 47.5 | 50.2 

Max..| 58.71, 57.76 57.74 58.60 57.80 57.81| 58.08 57.22| 57.34! 58.37| 57.06| 57.97) 57.78) 58.17) 59.21 
Ave./ Min..| 52.96 55.18) 56.36, 52.05) 55.05 56.90) 53.79) 56.21) 56.84| 53.86] 55.90) 57.23) 55.52) 57.42) 58.86 
Range| 5.75, 2.58 1.38 6.55 2.75 0.91) 4.29/ 1.01) 0.50) 4.51) 1.16; 0.74/ 2.26) 0.75 0.35 


a eS ee 


EXPERIMENT 


STATION BULLETINS. 


767 


TABLE 62.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, COVERED 
WITH SAND, NOVEMBER, 1914. 


Date— | Gravel. | Sand. | Loam. Clay. | Peat. 
Maximum, | | — 
minimum. 6” tr (is" 6” 12” | Lice |) Ge Zeiss | or 12” 187 eGift or 
> { Max....| 50.8 | £0.3 | 50.3 50.1 | 50.5 | 51.2 | 50.0 | 49.6 | 49.8 | 50.7 | 49.6 | 50.6 | 48.8 | 48.8 | 50.3 
“\ Min....| 45.9 | 48.5 | 49.6 | 45.1 | 48.5 | 50.6 | 47.0 | 49.0 | 49.7 | 47.1 | 48.8 | 50.3 ; 46.9 | 48.7 | 50.3 
| | | | 
3 { Max... 51.7 | 50.9 | 50.4 | 50.9 | 51.4 | 50.9 | 51.3 | 49.7 | 49.8 | 51.6 | 49.8 | 50.2 | 49.4 | 49.1 | 50.7 
\ Min....| 47.0 | 48.2 | 49.3 | 44.6 | 48.5 | 49.7 | 46.6 | 48.8 | 49.7 | 47.2 | 48.8 | 49.8 | 47.5 | 48.9 | 50.6 
4{ Max....| 48.5 | 49.6 | 50.2 | 47.5 | 50.1 | 51.1 | 49.4 | 49.9 | 50.2 | 49.8 | 49.8 | 50.8 | 48.9 | 49.6 | 50.9 
\ Min....| 46.4 | 48.5 | 49.8 | 45.4 | 48.8 | 50.6 | 47.5 49.5 | 50.0 | 47.7 | 49.3 | 50.6 | 47.9 | 49.5 | 50.8 
5 { Max...., 45.0 | 47.0 | 48.6 41.8 | 46.3 | 49.9 | 45.1 | 48.8 | 49.7 45.4 | 48.6 | 50.5 | 47.0 | 49.7 | 51.1 
\ Min....| 43.6 | 46.3 | 47.8 | 41.2 | 46.2 |.48.9 | 45.1 | 48.1 | 49.5 | 45.1 | 47.6 | 49.8 | 46.2 49.2 | 51.1 
g | Max 45.5 | 46.0 | 46.7 | 44.7 | 46.2 | 48.1 | 45.9 | 46.9 | 48.4 | 46.2 | 46.6 | 49.3 | 45.1 | 48.8 | 51.0 
\ Min....| 40.7 | 43.9 | 45.9 | 40.5 | 43.6 47.3 | 42.1 | 46.1 | 45.4 | 42.6 | 45.8 | 48.2 | 43.6 | 48.0 | 50.6 
7\ Ma 49.4 | 48.0 | 47.5 | 49.5 | 48.3 | 48.0 | 48.9 | 46.6 | 47.9 | 49.3 | 47.1 | 48.1 | 46.5 | 47.8 | 50.3 
Min | 42.7 | 44.7 | 45.9 | 40.8 | 44.7 | 47.1 | 43.3 | 45.8 | 47.5 | 43.4 | 45.7 | 47.8 | 44.1 | 47.3 | 49.8 
| } | 
9 {Max....| 41.6 | 41.7 | 44.4 | 40.0 | 43.4 | 46.1 | 41.5 | 44.7 | 47.4 | 41.7 | 45.4 | 47.5 | 43.7 | 47.5 | 49.5 
{ Min. . .| 37.1 | 40.7 | 48.3 | 35.6 | 40.6 | 45.0 | 38.3 | 43.5 | 46.2 38.8 | 43.3 | 46.0 | 41.2 | 46.1} 48.8 
| | | | 
10{ ex: 43.0 | 43.1 | 43.6 | 41.2 | 43.4 | 45.0 | 42.2 43.2 | 45.4 | 42.7 | 43.3 | 45.6 | 41.6 | 45.5 | 48.6 
Min....| 39.4 | 41.7 | 43.2 | 37.2.| 41.6 | 44.7 | 39.3 | 42.9 | 45.2 | 40.4 | 42.8 | 45.4 | 40.4 | 45.1 | 48.0 
| | | | 
jay SEE .| 43.0 | 43.1 | 43.4 | 41.1 | 43.3 | 45.0 | 42.3 | 43.1 | 45.1 | 43.1 | 43.2 | 45.4 | 41.3 | 45.4 | 47.6 
Min....| 38.0 | 41.0 | 43.0 | 39.3 | 41.2 | 44.5 | 39.3 | 42.6 | 44.8 | 40.3 | 42.5 | 45.1 | 40.3 44.4 | 47.3 
12) Me -| 40.3 | 41.6 | 42.9 36.6 | 41.6 | 44.4 | 40.3 | 42.8 | 44.8 | 40.7 | 42.7 | 45.1 | 40.5 | 44.1 | 47.0 
Min....| 38.6 | 40.8 | 42.4 | 35.8 | 40.8 | 44.0 | 39.1 | 42.3 | 44.4 | 39.4 | 42.1 | 44.4 | 40.0 | 43.8 | 46.7 
| 
13 | Max a 43.0 | 43.1 | 43.9 | 39.4 | 43.6 | 45.1 | 41.8 43.2 | 44.4 | 42.5 43.3 | 44.7 | 41.7 | 43.5 | 46.4 
° \ Min 41.3 | 42.6 |.43.1 | 37.6 | 42.8 | 44.4 | 41.8 | 42.5 | 44.1 | 42.3 | 42.5 | 44.4 | 40.8 | 43.5 | 46.2 
14 { Mex .| 41.9 | 42.4 | 42.9 | 39.7 | 42.5 | 44.4 ) 41.5 | 42.6 | 44.4 | 42.1 | 42.5 | 44.8 | 40.6 | 43.5 | 46.1 
Min....| 37.7 | 40.4 | 42.3 | 36.9 | 40.4 | 43.8 | 38.9 | 41.9 | 44.2 | 39.4 | 41.8 | 44.1 | 39.5 | 43.2 | 45.8 
| | 
16{ Mo 38.9 | 42.6 | 44.4 | 38.6 | 42.6 | 45.5 | 40.0 | 43.9 | 44.8 | 40.5 | 43.9 | 45.4 | 42.4 | 43.9 | 45.8 
Min....} 37.3 | 40.7 | 42.6 | 36.5 | 40.6 | 44.1 | 38.1 42.4 | 44.6 | 38.6 | 42.3 | 44.9 | 39-5 | 43.6 | 45.7 
| 
17 / Max Be ae) 36.3 | 39.4 | 41.3 | 35.5 | 39.4 | 42.9 | 37.0 | 41.4 | 44.2 | 37.1 | 41.1 | 43.5 | 39.3 | 43.4 | 45.8 
\ Min 35.4 | 38.5 | 40.3 | 34.8 | 38.7 | 42.1 | 36.1 | 40.6 | 43.4 | 36.3 | 40.4 | 43.1 | 38.6 | 42.8 | 45.6 
1s { Max 33.9 | 37.4 | 39.4 | 33.4 | 37.5 | 41.2 | 34.9 | 39.7 | 42.5 | 35.0 | 39.0 | 42.3 | 37.5 | 42.3 | 45.4 
\ Min 33.5 | 36.6 | 38.5 | 33.1 | 36.8 | 40.5 | 34.4 | 38.7 | 42.3 | 34.5 | 38.2 | 41.4 | 36.8 | 41.6 | 45.1 
19 { Max .| 33.9 | 36.6 | 38.2 | 33.5 | 36.8 | 40.0 | 34.4 | 38.3 41.3 34.6 | 37.9 | 40.9 | 36.2 | 41.0 | 44.5 
Min....| 33.7 | 36.4 | 38.0 | 33.4 | 36.7 | 39.8 | 34.3 | 37.9 | 41.0 | 34.5 | 37.6 | 40.6 | 36.2 | 40.7 | 44.2 
20{ Man .| 33.9 | 36.4 | 37.9 | 33.3 | 36.5 | 39.7 | 34.2 | 37.8 | 40.6 | 34.6 | 37.4 | 40.3 | 35.8 | 40.2 | 43.5 
Min....| 33.8 | 36.3 | 37.7 | 33.2 | 36.3 | 39.4 | 34.0 | 37.5 | 40.4 | 34.4 | 37.2 | 40.0 | 35.6 | 39.8 | 43.3 
| i | 
ai { Mex .| 33.8 | 36.3 | 37.7 | 33.2 | 36.3 | 39.3 | 34.0 | 37.4 | 39.9 | 34.5 | 37.2 | 39.8 | 35.2 | 39.5 | 42.8 
Min....| 33.6 | 36.1 | 37.4 | 33.0 | 36.0 | 39.1 | 33.9 | 37.2 | 39.7 | 34.3 | 86.9 | 39.5 | 35.1 | 39.3 | 42.4 
| | 
23 { Mex .| 32.9 | 35.7 | 37.3 | 32.2 | 35.8 | 38.9 | 33.9 | 37.0 | 39.4 | 34.3 | 36.9 | 39.3 | 35.0 | 38.5 | 41.7 
Min....} 32.3 | 35.1 | 36.7 | 31.6 | 35.1 | 38.3 | 33.4 | 36.7 | 39.1 | 33.8 | 36.5 ; 39.0 | 34.1 | 38.1 | 41.3 
24 { Wax .| 32.2 | 34.8 | 36.4 | 32.0 | 34.8 | 38.0 | 33.4 | 36.5 | 38.9 | 33.7 | 36.4 | 38.8 | 34.4 | 37.9 | 41.1 
Min 32.1 | 34.6 | 36.3 | 31.3 | 34.8 | 37.9 | 33.3 | 36.4 | 38.5 | 33.5 | 36.2 | 38.4 | 34.2 | 37.8 | 40.8 
25 { Nex 32.7 | 34.9 | 36.3 | 32.3 | 35.0 | 37.9 | 33.4 | 36.3 | 38.4 | 33.9 | 36.2 | 38.4 | 34.3 | 37.7 | 40.7 
Min 32.4 | 34.8 | 36.2 | 32.2 | 34.8 | 37.7 | 33.3 | 36.1 | 38.2 | 33.8 | 36.1 | 38.2 | 34.2 | 37.4 | 40.6 
26 { Nex 41.9 | 39.2 | 38.1 | 41.6 | 39.0 | 38.7 | 39.3 | 36.8 | 38.2 | 40.9 | 37.6 | 38.3 | 34.2 37.4 | 40.5 
Min 33.2 | 34.9 | 36.3 | 32.6 | 35.2 | 37.7 | 33.4 | 36.0 | 38.0 | 34.0 | 36.2 | 38.1 | 34.0 | 37.2 | 40.1 
27{ Mo 38.5 | 40.2 | 40.4 38.0 | 40.4 | 40.9 | 38.7 | 39.2 | 39.7 | 39.7 | 39.9 | 40.5 | 35.2 | 37.3 | 40.2 
Min 37.4 | 39.1 | 39.9 | 37.3 | 39.4 | 40.8 | 37.9 | 38.9 | 38.9 | 38.9 | 39.8 | 39.9 | 34.4 | 37.3 | 40.0 
= | 
28 { Max 35.2 | 37.9 | 39.4 | 34.6 | 37.9 | 40.4 | 35.9 | 38.8 | 40.2 | 36.4 | 39.2 | 40.9 | 35.3 | 37.6 | 40.4 
Min. 34.2 | 37.2 | 38.3 | 33.9 | 37.2 | 30.6 | 34.8 | 37.9 | 39.9 | 35.2 | 37.9 | 40.2 | 35.0 | 37.4 | 40.3 
| | 
30 { Max 46.3 | 44.1 | 42.7 | 46.7 | 44.5 | 42.8 | 44.9 | 41.5 | 40.4 | 45.8 | 41.9 | 41.1 | 41.1 | 38.3 | 40.4 
Min 42.7 | 41.2 | 40.7 | 42.6 | 41.6 | 41.2 | 41,3 | 39.4 | 39.6 | 42.0 | 39.9 | 40.0 | 37.9 | 37.7 | 40.3 
Max. .| 40.56) 41.69) 42.57) 39.50) 41.90) 43.82| 40.57, 42.23) 43.84| 41.08/ 42.26) 44.09) 40.44) 43.13 45.85 
Ave.}; Min. .| 38.00, 40.36) 41.78) 37.06) 40.44| 43.15) 38.68) 41.55 43.37) 39.10) 41.45) 43.57) 39.36) 42.74) 45.43 
Range| 2.56 1.33} G.79| 2.44 1.46) 0.67] 1.89) 0.68 0.47) 1.98} 0.81) 0.52) 1.08) 0.39] 0.42 
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TABLE 63.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, DECEMBER, 1914. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maximum, a =n ae 
minimum. ae | 4” 6” 4a 4’ 6” on 4’ 6” ad 4’ 6” or 4” 6” 
> | Max....| 47.4 47.3 | 46.9 | 46.2 | 47.1 | 47.1 | 46.9 | 46.6 | 45.4 | 47.3 | 46.6 | 46.2 | 46.3 | 45.4 | 45.5 
“\ Min....| 44.6 | 45.4 | 46.1 | 44.4 | 45.2 | 46.1 | 44.9 | 45.4 | 45.2 | 45.3 | 45.8 | 46.1 | 45.4 | 45.4 | 45.3 
3 Max....| 42.5 | 41.8 | 41.4 | 39.7 | 39.8 | 40.4 | 40.4 | 41.1 | 41.5 | 42.4 | 41.4 | 42.1 | 40.9 | 42.2 | 44.1 

Min....| 36.5 | 38.4 | 40.4 | 36.2 | 37.8 | 40.0 | 37.4 | 40.3 | 40.8 | 387.4 | 40.3 | 41.5 | 39.6 | 41.2 | 42.9 
4 Max....| 37.9 | 37.7 ||.38.1 | 37.4 | 37.4 | 38.1 | 37.3 | 37.7 | 38:1 | 3725 | 37.6 | 38:7 | 37.4) (ab. ual 

\ Min....] 33.4 | 35.1 | 37.0 33.7 ; 35.0 | 36.8 | 33.9 | 36.7 | 37.5 | 34.5 | 36.6 | 38.0 | 36.7 | 38.2 | 40.4 
~ | Max....| 38.6 | 38.0 | 38.4 | 38.1 | 38.1 | 38.8 | 37.5 | 38.0 | 37.9 | 38.0 | 38.0 | 38.4 | 37.7 | 38.2 | 39.4 
©) Min....| 34.0 | 35.2 | 36.4 | 34.0 | 35.0] 36.3 | 34.1 |.35.9 | 36.8 | 35.7 | 35:9 | 37.1 | 35.7 | 37.3 | 39.1 
7 Max....| 34.8 | 35.1 | 35.5 | 34.0 | 34.7 | 35.4 | 34.1 | 34.9 | 35.4 | 34.7 | 35.0 | 35.9 | 35.0 | 36.3 | 37.9 

\ Min..../ 33.2 | 34.2 | 35.2 | 33.1 | 34.0 | 35.3 | 33.4 | 34.8 | 35.3 | 33:8 | 34.9 | 35.8 | 34.8 | 35.9 | 37.5 
8 Max....| 33.0 | 34.0 | 34.7 | 32.8 | 33.6 | 34.5 | 32.8 | 33.9 | 34.4 | 33.4 | 33.9 | 34.7 | 33.8 | 35.0 | 37.0 

Min. ...) 32.1 | 38.3 | $4.1 | 32.3 | 33.4>) 34.3 || 3274.1 33.8 | 34.2 3226") 3316 | S425) ledoeon| eoeeialeo ames 

9 { Max....| 32.4 | 33.4 | 34.2 | 32.4 | 33.4 | 34.3 , 32.4 | 33.7 | 34.1 | 32.8 | 33.5 | 34.4 | 33.5 | 34.4 | 36.3 
\ Min....| 32.3 | 33.2 | 34.0 | 31.9 | 33.2 | 34.1 | 32.4 | 33.6 | 34.0 | 32.5 | 33.3 | 34.2 | 33.3 | 34.2 | 35.9 
10{ Max....| 32.2 | 33.2 | 33.9 | 32.1 | 33.:0)| 33.8 | 32.4 | 33.5 | 33:9 | 3274 | 33:1 | 3309) | 33-1 (i 33eguaoen 
Min. .:.| 31-9) | 33.0! | 33:8 | 31.4 || 32.8 | 383.7.) 3274 | 335 | 33.7 | 32-2 | 33.0) sapee)) soeke |pooeenmopeee 

11 { Max....| 31.5 | 32.6 | 33.5 | 30.4 | 32.1 | 33.2 | 32.2 | 33.4 | 33.8 | 31.4 | 32.7 | 33.5 | 33.0 | 33.8 | 35.5 
Min....| 29.4 | 32.2 | 33.1 | 26.1 | 30.6 | 32.4 | 32.0 | 33.1 | 33.4 | 31.0 | 32.2 | 33.2 | 32.4 | 3374 | 35.0 
12/4 30.7 | 31.9 | 32.6 | 29.7 | 30.7 | 32.1 | 31.6 | 32.9 | 3322 | 30.5 | 31.6 | 32.6 | 32.4 | 33.4 | 34.9 
Min....| 29.8 | 31.4 | 32.5 | 27.5 | 29.7 | 31.8 | 31.5 | 32.8 | 33:0 | 29.7 | 31.5 | 32.4 || 32.2 | 30.20) 34.6 
14{ MX 31.2 | 32.2 | 32:9 | 27.0'| 29.6 | 32.0 || 31.7 | 32.9 | 33:4 | 31.5 | 32:2) |) 3208) | 3204 ess cimieadeo 
Min....| 28.4 | 32.1 | 32.6 | 21.8 | 26.3 | 30.0 | 30.0 | 32.6 | 33.0 | 29.3 | 31.5 | 32.6 | 32.1 | 32.9 | 34.4 
fee 29.3 | 30.5 | 31.5 | 25.1 | 27.0 | 28.9 | 30.4 | 32.2 | 32.7 | 29.0 | 30.3 | 32.0) | 31.5) 32.8 )734702 
Min....| 27.7 |-29.7 | 31.1 | 21.8 | 24.6 | 27.4 | 29.9 | 32.0 | 32.4 | 27.4 | 29.8 | 31.4 | 31.1 | 32.6} 34.1 
16{ Max....| 29.2 | 30.2 | 31.2 | 23.4 | 26.1 | 28.4 | 30.1 | 31.9 | 32.6 | 28.5 | 29.9 | 31.4 | 31.3 | 32.5 | 34.0 
Min....} 27.9 | 29.8 | 30.9 | 20.4 | 24.1 | 26.9 | 29.6 | 31.6 | 32.3 | 27.6 | 29.5 | 30.9 | 31.1 | 32.4 | 33.9 
17{ ...-| 29.4 | 30.2 | 30.8 | 25.3 | 26.4 | 27.8 | 30.0 | 31.5 | 33.4 | 28.8 | 29.6 | 30.9 | 31.3 | 32.4 | 33.8 
Min....| 27.6 | 29.7 | 30.6 | 21.0 | 24.6 | 26.9 | 29.3 | 31.4 | 32.1 | 27.6 | 29.4 | 30.8 | 30.8 | 32.3 | 33.6 

18 { Max....| 30.0 | 30.8 | 31.1 | 27.5 | 28.8 | 29.7 | 30.2 | 31.3 | 32.0 | 29.5 | 30.0 | 30.7 | 31.4 | 32.2 | 33.6 
Min... 27-5: | 28-9) | 30.0) 21.5 | 23.3) || 2523 || 2950! | 31.0) | 3156) ) 2723) | 28.8) |) S0ran | se0eonimaceOmmo aes 

A ess 31.2 | 31.8 | 32.0 | 30.1 | 31.2 | 31.6 | 31.0 | 31.7 | 31.8 | 30.8 | 31.1 | 31.4 | 31.9 | 32.0 | 33.4 
Min. ..-|/:30.9 | 31.4 | 31.6 | 29.6 | 30.6 | 30.9) || 30.7 || 31.5 | 31.6 | 30.4 | 30.6) | 3-14) S185 s220nieaare 

21 Max....| 31.4 | 31.9 | 32.1 | 29.4 | 31.0] 31.5 | $1.0 | 31.8 | 31.9 | 31.1 | 31.3 | 31.7 | 31.99) 3201 aans 
Min.«...| 32.0") 31.5 | 31/9") 29.3 | 30.4 || 31.0] 30.9 | 31.7 | 31-7>| 30.9 | 31.1 |) S176 \RSI Gnade oem ee 

99 Max....| 31.2 | 31.9 | 32.1 | 29.3 | 30.1 | 30.9 | 30.8 | 31.8 | 32.0 | 31.1 | 31.4 | 32.0 | 31.7 | 32.2 | 33.3 
“\-Min....|| 31.1 | 31/6 | 32.0) 28.8 | 29-9 | 30.7 | 30.6.) 31.60) °38128 | 30.9) | 311 31-8) aieonedesOsleaaee 
23 Max....| 31.3 | 31.9 | 32.2 | 29.3 | 30.5 | 31.2 | 30.8 | 31.7 | 32.0 | 31.0 | 31.4 | 31.9 | 31.6 | 32.1 | 33.3 
Min. ...| 31.2 | 81.8) 32.1 | 29.0 | 30.1 | 31.0 |) 30.6 | 31.5) | 31.8 | 3058) 31.3 | 3128 ola S20 eae 

4 Max 31.5 | 32.1 | 32.3 | 29.2 | 30.9 | 31.6 | 31.0 | 31.7 | 31.9 | 31.2 | 31.4 | 32.0 | 31.7 | 32.1 | 3304 
Min 31.2°] 31.9 | 32.2 | 28.6 | 30:3 | 31.0.) 30.7 | 31.6 | 31.7 | 30.9 | 31.3 | 31-8 | olan Nez20Ninanme 

26 Max 30.8 | 31.6 | 32.2 | 27.4 | 28.9 | 30.3 | 30.4 | 31.8 | 32.9 | 30.5 | 31.4 | 32.1 | 31.2 | 32.2 | 33.4 
?) Min 30/2.) 31.1) 31.7 | 26.1 | 28.1 | 29-6 | 29.8 | 381.1 | 81.5) 30:0 | 8027 | 31749) S06 isieor maces 
ze,{ Max 31.5 | 32.0 | 32.1 | 29.9 | (31.3 | 31.6 | 30.8 | 31.5 | 31.6 | 31.2 | 31.3'| 31.7 | 31.6) Sleauecean 
Min 31.4 | 31.59 "| 32.1 | 29.0,| 30.7 ) 31.3 | 30.7 | 31.5 |, 81.5] 31-0 || 31.3 | 3116") ol almodeon neem 

29 { Max 31,9 | 32.3 |.32.3 | 31:0 | 31.8 | 32.1 | 31.2 | 31-7 | 31.7 | 31.6 | 31.5) || 3129 | S2;On eotnoeeaede 
Min 3157 | 32.1 | 32.2: | 80.5 | 81.6 | 81.9 | 31.0) | 31.6 | 31-6) 3i4 | 31.5 | 3178 Siese es ieom aoa 

30 { Max 32.2 | 32.4 | 32.4 | 31.6 | 32.2 | 32.4 | 31.4 | 32.0 | 31.9 | 31.9 | 31.9 | 32.1 | 32.1 | 31.9 | 32.8 
Min 32.0) | 32:3 | 82:3: | 31.5 | 82.1 | 3253} 323) | 30.9) 8177 | 80. 7 | Sl8n 3220) | PS2eO nome 

31 { Max 32.1 | 32.5 | 32.5 | 30.9 | 31.9 | 32.4 | 31.4 | 32.2 | 32.0)| 31.8 | 32:4 | 3283, | 32:0) 32c0niiaeee 
\ Min 31.8 | 32.3°] 82.4 | 30.5 | 31.4 | 32.0 | 31.2 | 32.0.) 31.9 | 81.5 [3128 132.0) |) SI baisoleon masa 
[we 23.02) 23.57) 33.96, 31.2¢| 32.21] 33.36] 22.78 23.74| 24,92] 22.€0! 23.21) 33.89) 33.55 34.18) 35.55 
Ave.{ Min. .| 31.55} 32.78) 33.53) 29.20) 30.99) 32.76] 31.92/ 33.28) 33.69) 31.74) 32.75] 33.59) 33.10 33.92) 35.25 
| Range; 1.47) 0.79) 0.43) 2.38) 1.32) 0.60) 0.80) 0.36; 0.37; 1.06) 0.4¢ a 0.45 0.26) 0.30 
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TABLE 64.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, JANUARY, 1915. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maximum, | ake 
minimum, Yad | 4” | 6” | Ve! | 4” 6” DP 4” 6” Yad 4” 6” 2? 4” 6” 
ee 32.2 | 32.4 | 32.5 | 31.5 | 32.2 | 32.4 | 31.4 | 32.1 | 31.9 | 32.0 | 32.0 | 32.3 | 31.9 | 31.9 | 32.8 
“\Min....| 32.1 | 32.4 | 32.4 | 31.4 | 32.0 | 32.3 | 31.3. 32.0 | 31.9 | 31.9 | 31.9 | 32.1 | 31.9 | 31.7 | 32.6 
4{Max....) 31.8 52.3 32.5 31.1 31.6 | 32.2 | 31.0 | 31.9 | 31.9 | 31.4 | 31.8 | 32.2 | 31.3 | 31.7 | 32.6 
VMin....| 31.7 | 32.3 | 32.3 | 30.7 | 31.5 | 32.1 | 30.9 | 31.6 | 31.5 | 31.4 | 31.2 | 32.0 | 31.3 | 31.4 | 32.4 
Bits 32.1 | 32.3 | 32.4 | 31.5 | 32.1 | 32.3:| 31-2 | 31.2.| 31.7 | 31.7 | 31.8 | 32.2:| 31.7 | 31.6 | 32.4 
Min....] 31.9 | 32.3 | 32.3 | 31.4 | 31.9 | 32.2 | 31.1 | 31.6 | 31.5 | 31.6 | 31.0 | 32.0 | 31.5 | 31.5 | 32.3 
Bate a 32.2 | 32.3 | 32.4 | 31.9-| 32.2 | 32.3 | 31.4 | 32.1 | 31.7 | 32.4 | 32.3 | 32.3 | 32.2 |.31.8 | 32.4 
Min....| 32.1 | 32.3 | 32.3 | 31.7 | 32.1 | 32.3 | 31.8 | 31.8 | 31.6 | 31.9 | 31.8 | 32.1] 31.9 | 31.5 | 32.3 
‘ | | | | | 
pene .} 32.3 | 32.5 | 32.5 | 32.1 | 32.4 | 32.4 | 31.8 | 32.1 | 31.9 | 32.5 | 32.3 | 32.3 | 32.4 | 32.0 | 32.4 
Min....| 32.2 | 32.4 | 32.4 | 32.1 | 32.3 | 32.4 | 31.8 | 32.1 | 31.8 | 32.4 | 32.3 | 32.3 | 32.3 | 31.9 | 32.3 
| | | | | 
g { Max .| 32.4 | 32.6 | 32.7 | 32.2 | 32.4 | 32.5 | 32.0 | 32.2 | 32.0 | 32.5 | 32.4 | 32.3 | 32.3 | 32.1 | 32.5 
1 Min....} 32:3 | 32.4 | 32.6 | 32.1 | 32.3 | 32.4 | 31.9 | 32.2 | 31.9 | 32.5 | 32.3 | 32.3 | 32.3 | 32.0 | 32.4 
| | | 
gfe 32.4 | 32.6 | 32.9 | 31.9 | 32.5 | 32.6 | 32.0 | 32.3 | 32.1 | 32.6 | 32.4 | 32.4 | 32.5 | 32.1 | 32.6 
Min 32.3 | 32.6 | 32.8 | 31.8 | 32.3 | 32.5 | 31.8 | 32.2 | 32.0 | 32.5 | 32.4 | 32.3 | 32.4 | 32.0 | 32.5 
| | 
11 { Max 32.2 | 32.6 | 32.8 | 31.9 | 32.3 | 32.6 31.5 | 32.2 | 32.0 | 32.2 | 32.3 | 32.3 | 32.3 | 32.0 | 32.5 
\ Min 32.2 | 32.5 | 32.8 | 31.8 | 32.2 | 32.6 | 31.5 | 32.1 | 32.0 | 32.1 | 32.2 | 32.3 | 32.3 | 31.9 | 32.4 
| | | 
12 { Max....| 32.3 | 32.8 | 33.1 | 32.0 | 32.5 | 32.7 | 31.8 | 32.3 | 32.1 | 32.4 | 32.3 | 32.5 | 32.3 | 32.0 | 32.6 
Min....| 32.3 | 32.7 | 33.0 | 31.9 | 32.3 | 32.6 | 31.7 | 32.2 | 32.0 | 32.3 | 32.3 | 32.4 | 32.3 | 31.9 | 32.5 
1a | aes .| 32.3 | 32.9 | 33.1 | 32.1 | 32.4 | 32.8] 31.9 | 32.2 | 32.1 | 32.3 | 32.3 | 32.5) 32.3 | 32.1 | 32.6 
Min....| 32.3 | 32.7 | 33.0 | 31.8 | 32.3 | 32.7] 31.6 | 32.2 | 32.0 | 32.3 | 32.3 | 32.4 | 32.3 | 32.0 | 32.5 
{Mex .| 32.3 | 32.8 | 33.1 | 31.8 | 32.4 | 32.9| 31.5 | 32.3 | 32.1 | 32.3 | 32.3 | 32.6 | 32.3 | 31.9 | 32.6 
Min....| 32.3 | 32.7 | 33.0 | 31.6 | 32.3 | 32.8| 31.4 | 32.1 | 32.0 | 32.1 | 32.3 | 32.5 | 32.3 | 31.8 | 32.5 
] | 
ieee .| 32.3 | 32:9 | 33.2 | 31.8 | 32.4 | 32.9) 31.7 | 32.2 | 32.1 | 32.3 | 32.3 | 32.7 | 32.3 | 32.0 | 32.6 
°\Min....| 32.3 | 32.7 | 33.1 | 31.3 | 32.3 | 32.8 | 31.5 | 32.1 | 32.0 | 32.2 | 32.2 | 32.5 | 32.3 | 31.9 | 32.5 
55 Me .| 32.4 | 32.9 | 33.2 | 31.1 | 32.4 | 33.0 | 31.6 | 32.2 | 32.1 | 32.3 | 32.3 | 32.6 | 32.3 | 32.1 | 32.6 
Min....| 32.3 | 32.8 | 33.1 | 30.9 | 32.3 | 32.9 | 31.4 | 32.1 | 32.0 | 32.1 | 32.3 | 32.6 | 32.3 | 31.9 | 32.5 
re -| 32.4 | 32.9 | 33.2 | 32.2 | 32.6 | 32.9 | 32.0 | 32.3 | 32.2 | 32.5 | 32.4 | 32.7 | 32.3 | 32.1 | 32.5 
Min....| 32.3 | 32.8 | 33.1 | 32.0 | 32.5 | 32.8 | 31.9 | 32.3 | 32.1 | 32.4 | 32.4 | 32.6 | 32.3 | 32.0 | 32.4 
19 { Max:...| 32.4 | 32.9 | 33.2 | 32.1 | 32.6 | 33.1 | 31.9 | 32.3 | 32.2 | 32.3 | 32.4 | 32.8 | 32.3 | 32.0 | 32.5 
\Min....| 32.4 | 32.8 | 33.1 | 32.1 | 32.5 | 32.9 | 31.9 | 32.2 | 32.1 | 32.3 | 32.4 | 32.7 | 32.3 | 31.9 | 32.4 
| 
99 { Max....| 32.3 | 32.9 | 33.2 | 32.1 | 32.6 | 33.1 | 31.9 | 32.4 | 32.3 | 32.2 | 32.4 | 32.9 | 32.4 | 32.1 | 32.6 
\Min....1 32.3 | 32.8 | 33.1 | 32.1 | 32.4 | 32.8 | 31.6 | 32.3 | 32.2 | 32.2 | 32.4 | 32.8 | 32.3 | 31.9 | 32.4 
| | 
an Max -| 32.3 | 32.9 | 33.2.| 31.7.| 32.3.| 33.1] 31.6.) 32.3 | 32.3.) 32.2 | 32.4 | 32.9.| 32.4 | 32.1.|-32.7 
Min....| 32.3 | 32.6 | 33.1 | 31.4 | 32.2 | 32.7 | 31.5 | 32.3 | 32.2 | 32.1 | 32.2 | 32.9 | 32.3 | 32.0 | 32.6 
abe .| 32.2 | 32.9 | 33.3 | 30.4 | 31.4 | 32.7 | 31.5 | 32.4 | 32.4) 31.9 | 32.4 | 33.0 | 32.5 | 32.2 | 32.9 
“\Min....| 32.1 | 32.8 | 33.1 | 30.3 | 31.3 | 32.6 | 31.3 | 32.3 | 32.3 | 31.8 | 32.3 | 32.9 | 32.4 | 32.1 | 32.7 
ag as .| 32.2 | 32.6 | 33.1 | 30.6 | 31.0 | 32.4 | 31.4 | 32.3 | 32.3 | 32.1 | 32.3 | 32.7 | 32.4 | 32.2 | 32.8 
Min. ...| 32.0 | 32.5 | 32.9 | 29.9 | 30.8 | 32.2,| 31.3 | 32.2 | 32.3 | 32.0 | 32.2 | 32.6 | 32.3 | 32.0 | 32.7 
i} 
95 { Max....| 31.5 | 32.1 | 32.5 | 29.8 | 30.4 { 31.1 | 31.1 | 32.1 | 32.2 | 31.6 | 32.0 | 32.6 | 32.1 | 32.1 | 32.8 
\Min....| 31.1 | 31.8 | 32.4 | 28.8 | 29.7 | 31.0 | 30.9 | 32.0 | 32.1 | 31.4 | 31.9 | 32.4 | 31.9 | 32.0 | 32.6 
fa Mas .| 31.2 | 32.0 | 32.5 | 29.2 | 30.0 | 31.0 | 30.9 | 32.1 | 32.3 | 31.4 | 32.0 | 32.6 | 32.1 | 32.2 | 32.9 
Min....| 30.7 | 31.5 | 32.3 | 28.0 | 29.6 | 30.4 | 30.5 | 31.9 | 32.0 | 31.1 | 31.5 | 32.3 | 31.7 | 32.0 | 32.6 
zane .| 31.2 | 31.6 | 32.2 | 28.9 | 29.6 | 30.5 | 30.9 | 32.0 | 32.2 | 31.3 | 31.8 | 32.5 | 31.8 | 32.1 | 32.9 
Min....| 30.4 | 31.2 | 32.0 | 26.7 | 28.0 | 29.8 | 30.4 | 31.8 | 32.0 | 31.0 | 31.5 | 32.3 | 31.5 | 31.8 | 32.7 
a Bax .| 30.7 | 31.4 | 32.3 | 28.0 | 29.0 | 30.4 | 30.6 | 32.0 | 32.2 | 31.2 | 31.9 | 32.6 | 32.0 | 32.2 | 33.1 
“\Min....| 30.2 | 31.0 | 31.8 | 27.0 | 28.1 | 29.7 | 30.3 | 31.5 | 31.8 | 30.7 | 31.4 | 32.3 | 31.4 | 31.8 | 32.8 
99 { Max....| 30.5 31.2 31.8 27.8 | 28.7 | 29.8 | 30.4 | 31.6 | 32.0 | 30.8 | 31.4 | 32.4 | 31.5 | 32.0 | 32.9 
\ Min 30.2 | 30.8 | 31.5 | 26.9) 28.0 | 29.4 | 30.3 | 31.4 | 31.8 | 30.6 | 31.2 | 32.2 | 31.4 | 31.8 | 32.7 
any eee 29.6 | 30.2 | 31.3 | 25.9 | 26.8 | 28.1 | 29.8 | 31.4 | 32.1 | 30.4 | 31.4 | 32.4 | 31.1 | 32.0 | 33.2 
Min 28.6 | 29.5 | 30.5 | 23.9 | 25.1 | 27.1 | 29.2 | 30.8 | 31.4 | 29.8 | 30.5 | 32.0 | 30.5 | 31.3 | 32.6 
Max. .| 31.91) 32.38 32.73| 30.86] 31.47| 32.07| 31.39, 32.13| 32.10] 31.95| 32.15) 32.53] 32.12| 32.03] 32.68 
Ave.; Min. .| 31.72) 32.20, 32.56] 30.38) 31.13) 31.84) 31.21] 31.97| 31.94] 31.79] 31.94] 32.39] 31.99) 31.84) 32.52 
Range| 0.19| 0.18) 0.17) 0.48) 0.34) 0.23| 0.18] 0.16) 0.16} 0.16] 0.21) 0.14) 0.13) 0.19] 0.16 
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TABLE 65.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
’ WITH SAND, FEBRUARY, 1915. 


Date— 
Maximum, 
minimum. 
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| Peat. 
e | 2, 4, BF 
32.2 | 32.2 31.9 | 32.5 
32.0 | 32.1 | 31.6 | 32.4 
32.3 32.3 | 32.0 | 32.5 
32.3 | 32.3 | 31.9 | 32.4 
32.4 32.4 32.0 | 32.5 
32.2 | 32.3 | 31.9 | 32.4 
32.1 32.4 | 32.0 | 32.5 
31.9 | 32.2 | 31.7 | 32.4 
32.1 32.3 | 31.9 | 32.4 
32.0 | 32.1 | 31.8 | 32.3 
32.3 32.3 | 31.9 | 32.5 
32.2 32.3 | 31.9 | 32.5 
32.4 32.4 | 32.0 | 32.6 
32.4 32.2 | 31.9 | 32.4 
32.4 32.4 | 32.0 | 32.6 
32.3 | 32.2 | 31.9 | 32.4 
32.6 | 32.4 | 32.1 | 32.6 
32.2 | 32.2 | 31.9 | 32.3 
32.3 | 32.2 | 31.8 | 32.4 
32.2 | 32-1 | 31.7 | 32.3 
32.3 | 32.3 | 31.9 | 32.4 
32.3 | 32.2 | 31.8 | 32.3 
32.4 | 32.3 | 31.9 | 32.5 
32.3 | 32.2 | 31.7 | 32.4 
32.4 | 32.3 | 31.9 | 32.4 
32.4 | 32.3 | 31.9 | 32.4 
32.6 | 32.3 | 31.9 | 32.5 
32.5 | 31.8 | 31.9 | 32.4 
32.5 | 31.8 | 31.4 | 32.5 
32.2 | 28-9 | 31.3 | 32.3 
32.4 | 31.8 | 31.4 | 32.5 
32.2 | 28-0 | 30.9 | 32.3 
32.4 | 31.0 | 30.9 | 32.4 
32.1 | 27.8 | 30.4 | 32.3 
32.4 | 31.9 | 31.6 | 32.4 
32.2 | 30.5 | 31.3 | 32.2 
32.4 | 32.1 ee 
32.3 | 32.1 | 31.5 | 32.2 
38.5 | 32.5 | 31.9 | 32.4 
37.0 | 32.3 | 31.7 | 32.3 
35.1 | 32.3 | 31.9 | 32.4 
34.5 mee 32.4 
34.0 | 32.3! 32.0 | 32.5 
33.5 | 32.2 | 31.8 | 32.3 
33.4 | 32.4 | 32.1 | 32.5 
33.0 | 32.1 | 31.7 | 32.3 
32.87| 32.20] 31.83| 32.47 


32.62| 31.56! 31.65] 32.35 
0.25 0.64] 0.18] 0.12 


TABLE 66—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, 


EXPERIMENT 


STATION 


WITH SAND, MARCH, 1915. 
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NOT COVERED 


Maximum, | 


! 
Date— | 
minimum. | 
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wow woe woh Www ww (Jv) 
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co WH 
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43.5 
32.6 


43.3 
33.4 


41.9 
33.7 


38.3 
33.6 
44.5 
33.0 


43.8 
33.8 


41.4 
39:1 | 


37.6 | 
32.8 
40.4 
31.7 


31.8 
30.4 


33.6 
28.3 | 


34.3 | 
31.8 
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36.81 
30.50] 32.07 33.18 
6.42) 4.92) 3.63 


Loam. 
6” 


32.6 | 32.5 
32.3 | 32.1 


32.4 32.3 
32.3 32.2 


32.4 32.4 
31.9 | 31. 


rh _ 
. 


om RO ww NO NO 20H NO DO om BO Nh 4A! 


Clay. Peat. 
2” } 4” 6” V4 4” 6” 
31.9 | 31.4 | 32.3 | 31.8 | 32.1 | 32.5 
25.9 | 30.4 | 31.9 | 28.9 | 31.5 | 32.3 
32.1 | 31.7 | 32.2 | 32.0 | 31.7 | 32.4 
30.7 | 31.5 | 32.1 | 31.7 | 31.6 | 32.3 
31.8 | 31.1 | 32.1 | 31.4 | 31.1 | 32.5 
25.4 29.9 | 31.4 | 26.1 | 30.0 32.3 
| 
31.5 | 31.1 | 31.6 | 31.4 | 31.1 | 32.4 
27.1 | 29.9 | 31:2 | 27-8 | 30.1 | 32.2 
31.1 | 31.2 | 31.7 | 31.3 | 31.2 | 32.3 
30.1 | 31.0 | 31.5 | 30.0 | 30.9 | 32.2 
31.5 | 31.6 | 31.9 | 31.7 | 31.5 | 32.2 
31.4; 31.5 | 31.8 | 31.6 | 31.4 | 32.1 
31.9 | 32.1 | 32.2 | 32.0 | 32.7 | 32.3 
31.5 | 31.7 | 32.0 | 31.6 | 31.4 | 32.1 
32.3 | 32.0 | 32.3 | 32.0 | 31.7 | 32.3 
31.2 | 31.5 | 31.9 | 31.4 | 31.3 | 32.1 
32.4 | 32.0 | 32.2 | 32.3 | 31.7 | 32.3 
32.3 | 32.1 | 32.1) 32.1 a 
32.5 | 32.3 | 32.3 | 32.3 | 31.8 | 32.2 
32.3 | 32.2 | 32.1 | 32.1 | 31.7 | 32.1 
33.9 | 32.4 | 32.3 | 32.3 | 31.9 | 32.3 
32.1 | 32.2 | 32.1 | 32.0 | 31.5 | 32.0 
38.5 ) 35.2 | 32.6 | 32.3 31.9 | 32.3 
32.3 | 32.2 | 32.2 | 32-0 31.5 | 32.0 
39.6 | 38.1 | 37.5 | 33.4 | 31.8 | 32.2 
34.9 | 35.4 | 35.8 | 32.2 | 31.6 | 32.1 
38.0 | 38.6 | 37.8 | 32.4 31.8 | 32.3 
33.1 | 34.0 | 34.1 | 32.3 | 31.6 | 32.1 
36.3 | 36.1 | 35.3 | 32.3 | 32.0 | 32.3 
31.9 | 33.0 | 33.6 | 32.1 | 31.6 | 32.1 
41.2 | 39.9 | 38.2 | 32.3 | 31.9 | 32.3 
32.5 | 32.9 | 33.4 | 32.1 | 31.5 | 32.1 
41.8 | 40.8 | 39.2 | 32.3 | 31.9 | 32.3 
33.4 | 34.3 | 34.7 | 32.1 | 31.6 | 32.1 
41.5 | 40.5 | 39.5 | 32.7 | 31.9 | 32.3 
33.6 | 34.8 | 35.6 | 32.3 | 31.6 | 32.1 
38.0 | 37.3 | 36.6 | 32.3 | 31.9 | 32.3 
33.4 | 34.0 | 34.4 | 32.2 | 31-7 | 32.2 
42.6 | 41.4 | 39.6 | 32.8 | 31.9 | 32.3 
33.2 | 34.0 | 34.6 | 32.0 | 31.5 | 32.2 
42.5 | 40.8 | 39.2 | 34.0 | 31. | 32.3 
33.8 | 34.7 | 35.5 | 32.2 | 31.6 | 32.2 
40.4 | 40.4 | 39.8 | 34.4 | 31.8 | 32.2 
38.9 | 38.7 | 38.6 | 33.1 | 31.5 | 32.2 
35.$ | 36.4 | 36.2 | 32.3 | 32.0 | 32.3 
32.8 | 33.7 | 34.8 | 32.2 | 31.8 | 32.3 
37.6 | 36.9 | 35.8 | 32.0 | 32.0 | 32.3 
31.8 | 32.9 | 33.6 | 31.5 | 31.6 | 32.2 
32.2 | 32.9 | 33.7 | 31.8 | 32.0 | 32.4 
31.0 | 32.6 | 33.4 | 30.4 | 31.9 | 32.3 
32.6 | 32.1 | 32.8 | 31.9 | 32.0! 32.4 
28.4 | 31.8 | 32.3 | 31.4 | 31.6 | 32.2 
32.4 | 32.4 | 32.6 | 32.1 | 31.9 | 32.3 
32.0 | 32.2 | 32.6 | 31.4 | 31.8 | 32.3 


35.70; 35.14) 34.80 32.29 29) 31.82) 32.32 
31.74) 32.71) 33.31] 31.36) 31.43) 32.16 
3.96] 2.43) 1.49} 0.93; 0.39) 0.16 
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TABLE 67.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFYERENT TYPES OF SOIL, NOT COVERED 


WITH SAND, APRIL, 1915. 


Date— | Gravel. Sand. Loam. Clay. 
Maximum, | < 
minimum. | Vase | 4" 6” 2” 4” 6” V4! 4” | 6” De 4’ 6” 
1 Max....| 41.2 | 39.3 | 38.5 42.2 | 40.2 | 39.7 | 34.4 | 33.3 32.3 | 36.3 | 34.9 | 34.0 
\ Min....] 32.1 | 32.6 | 33.0 | 32.2 | 32.6 | 33.3 | 31.8 | 32.1 | 32.1 | 32.4 | 32.3 | 32.6 
9 { Max....| 43.9 | 41.4 40.4 | 43.9 | 41.9 | 41.1 | 40.8 | 39.4 | 37.0 | 40.4 39.1 | 37.7 
“\ Min....| 32.6 | 33.4 | 34.0 | 32.6 | 33.4 | 34.3 | 32.3 | 33.1 | 32.9 | 33.0 | 33.4 | 33.6 
» | Max.. 45.3 45.2 43.4 | 45.1 | 45.0 | 43.7 | 44.2 | 42.3 | 38.7 | 43.4 | 41.5 | 39.4 
°\ Min....| 31.9 | 33.1 | 34.0 | 31.9 | 33.0 | 34.0 | 32.3 | 34.0 | 33.7 See 34.0 | 34.4 
| 
- { Max....| 46.0 45.0 | 43.5 46.6 | 45,7 | 44.3 | 44.9 | 42.8 | 40.3 | 44.5 | 42.4 | 41.0 
°\ Min....| 38.9] 38:8 | 38.7 | 38.7 | 38.7 | 38.7 | 38.4 | 38.5 | 37.7 | 38.8 | 38.6 |-38.4 
6! Max....| 57.4 | 54.2 | 51.9 57.9 | 55.9 | 53.6 | 54.6 | 51.3 | 46.0 | 53.7 50.5 | 47.0 
Min.....| 39.5 | 38.4 | 38.3 | 38.8 | 38.2 | 38.1 | 38.2 | 38.3 | 37.9 | 38.4 | 38.3 | 38.6 
7 { Max....| 60.1 | 58.6 | 55.8 | 60.0 | 59.2 | 57.0 | 58.2 | 54.6 | 49.3 | 56.9 | 53.5 | 49.9 
Min....} 41.7 | 41.6 | 42.1 | 41.0 | 41.1 | 41.8 | 41.4 | 42.1 | 41.8 | 42.0 | 42.2 | 42.5 
8 Max....| 60.8 | 58.3 | 55.9 | 59.4 | 58.3 | 56.2 | 57.5 | 54.9 | 50.0 | 56.3 | 53.2 | 50.2 
: Min 41.4 | 41.0 | 41.7 | 39.8 | 39.6 | 40.6 | 40.5 | 41.8 | 42.5 | 40.7 | 41.5 | 42.9 
| | | 
g { Max | 55.5 | 53.8 | 51.9 55.81 54.5 | 52.7 | 54.0 | 51.4 | 48.1 | 53.0 | 50.2 | 48.7 
\ Min 47.0 | 46.1 | 45.9 | 46.2.] 45.7 | 45.7 | 46.0 | 45.9 | 45.3 | 45.4 | 45.6 | 45.6 
| 
19 { Max -| 54.0 | 52.6 | 51.0.) 54.4 | 53.4 | 51.5 | 53.1 | 50.7 | 48.7 | 52.5] 50.2.) 49.6 
\ Min....| 50.7 | 50.2 | 49.4 | 50.9 | 50.2 | 49.7 | 50.2 49.3 | 47.7 | 49.9 | 48.9 | 48.6 
| 
12 { Max....| 40.3 | 40.7 | 41.2 | 40.1 | 40.5 | 41.0 | 40.5 | 41.4 | 40.9 | 41.1 | 41.5 | 41.8 
“\ Min....| 36.4 | 37.5 | 39.0 | 35.6 | 36.8 | 38.5 | 36.9 | 39.4 | 40.4 | 38.0 | 39.6 | 41.2 
B { Max....| 57.1 | 53.3 | 51.4 | 57.4 | 56.1 | 53.8 | 53.7 | 51.5 | 47.0 | 52.9 | 50.2 } 47.3 
\ Min....) 33.2 | 34.9 | 36.5 | 32.5 | 34.0 | 35.7 | 34.3 | 36.8 | 37.9 | 34.8 | 36.6 | 38.1 
14 / Max .| 62.9 | 58.6 56.4 | 63.3 | 59.9 | 58.1 | 56.8 | 54.6 | 49.8 | 57.3 | 54.8 | 51.6 
\ Min....| 39.2 | 38.2 | 39:1 | 38.1 | 37.7 | 38.6 | 57.0 | 39.0 | 40.2 | 37.8 38.6 | 40.3 
15 / -| 69.7 | 61.5 | 57.3 69.1 | 62.9 | 58.7 | 63.5 | 56.5 | 51.2 | 61.7 | 55.6 | 52.6 
{ Min .| 37.1 | 39.5 | 41.7 | 36.2 | 38.1 | 40.9 | 37.6 | 41.3 | 42.7 | 37.9 | 40.3 | 42.9 
| 
16 / Max.. .| 54.1 | 52.0 | 50.5 | 55.2 | 53.3 | 51.3 | 52.9 | 50.2 | 48.3 | 52.4 | 49.7 | 49.1 
\ Min....| 46.8 | 47.5 | 48.0 | 46.5 | 47.4 | 47.9 | 46.9 | 47.7 |-47.0 | 47.2 | 47.1 | 47.7 
17{ Me -| 70.3 | 64.9 | 59.9 | 71.0 | 66.6 | 62.2 | 66.6 | 59.8 | 52.4 | 63.5 | 58.2 | 53.4 
Min....} 34.7 | 37.5 | 39.9 | 33.6 | 35.9 | 38.6 | 36.4 | 40.4 | 42.1 | 36.4 | 39.2 | 41.7 
19 { Ma .| 73.8 | 68.6 | 64.4 73.3 | 69.6 | 66.0 70.4 | 64.7 | 57.9 | 68.2 | 63.6 | 59.1 
Min....! 49.9 | 50.3 | 50.7 | 49.9 | 50.2 | 50.8 | 49.8 | 50.5 | 49.6 | 49.5 | 49.7 | 50.2 
20 { Max....| 74.0 | 68.1 | 64.9 72.7 | 68.6 | 65.8 | 70.9 | 65.6 | 59.7 | 68.1 | 64.0 | 60.6 
Min....| 50.6 | 51.8 | 52.9 | 50.6 | 51.5 | 52.8 | 51.4 | 53.0 | 52.8 | 51.1 | 52.0 | 53.0 
91 { Max | 65.9 | 62.1 | 58.7 64.7 | 62.0 | 59.0 | 64.1 | 59.1 | 55.8 | 62.0 | 57.5 | 56.1 
“"\ Min....| 45.9 | 48.0 | 50.0 | 46.1 | 47:4 | 49.7 | 47.3 | 50.4 | 51.6 | 46.9 | 48.5 | 50.8 
99 { Max....| 68.0 | 65.1 | 61.6 | 69.0 | 66.7 | 63.3 | 67.2 | 62.1 | 56.6 | 65.2 | 61.4 ! 57.7 
oN Sse 50.2 | 50.7 | 51.3 50.0 | 50.3 | 51.0 | 50.5 | 51.5 | 51.2 | 49.9 | 50.4 | 51.1 
23 { Mae 83.7 | 76.6 | 71.8 | 84.0 | 78.2 | 74.1 | 81.2 | 73.0 | 65.1 |: 77.6 | 71.0 | 66.2 
Min 54.6 | 54.5 | 54.7 | 54.4 | 54.5 | 54.8 | 54.9 | 55.2 | 54.1 | 54.6 | 54.5 | 54.6 
24 { Max 86.1 | 80.6 | 75.7 | 84.9 | 81.2 | 77.2 | 83.7 | 76.9 | 68.7 | 80.3 | 75.2 | 69.8 
\ Min 59.5 | 60.4 | 60.8 | 59.9 | 60.5 | 61.2 | 60.8 | 61.5 | 60.2 | 60.0 | 59.8 | 60.6 
26{ Man 87.8 | 80.9 | 77.0 | 85.7 | 80.7 | 77.5 | 85.8 | 78.3 | 71.8 | 82.2 | 76.4 | 72.6 
Min....| 61.1 | 62.5 | 63.5 | 61.1 | 61.8 | 63.1 | 62.0 | 64.1 | 63.9 61.5 | 61.7 | 63.7 
27{ Min 84.1 | 78.2 | 75.5 | 81.7 | 77.7 | 75.5 | 82.3 | 76.8 | 71.1 | 79.6 | 74.8 | 71.8 
Min 61.7 | 63.1 | 64.3 | 61.8 | 62.6 | 64.0 | 63 3 | 65.0 | 64.8 | 62.0 | 62.0 | 64.4 
28 { Mn -| 80.5 | 78.0 | 75.0 | 81.3 | 77.3 | 75.1 ; 82.1 | 76.7 | 71.0 | 79.3 | 74.5 | 71.6 
Min 60.5 | 62.2 | 63.5 | 61.0 | 61.9 | 63.4 | 62.3 | 64.4 | 64.4 61.1 | 62.6 | 64.0 
29{ Ma aes | 71.8 68.1 | 74.6 | 71.4 68.2 | 75.1 | 69.3 | 66.5 | 71.8 | 66.9 | 66.2 
Min 56.3 | 59.4 | 61.9 | 57.2 | 59.1 | 61.8 | 58.6 | 62.5 | 63.6 | 57.1 | 60.1 | 62.6 
30{ Man 55.5 55.7 | 57.8 | 55.8 | 55.7 | 57.7 | 56.8 | 57.1 | 59.5 | 54.8 | 56.0 | 58.2 
Min 52.7 | 54.5 | 56.0 | 53.2 | 54.3 | 55.8 | 54.7 | 58.3 | 57.0 | 53.2 | 54.6 | 55.9 
[xs 63.56 60.20 57.69 63.46 60.85) 58.63| 61.36) 57.48) 53.22 59.81, 56.42, 53.97 
Ave. { Min. . 45.63| 46.45) 47.34) 45.38) 46.02) 47.11) 45.99) 47.55) 47.51 45.88 | 46.62) 47.99 
irene} 7-8) 13.75 10.35) 18.08) 14.83) 11.52) 15.37 9.93 a) pb 9.80} 5.98 


Peat. 


7) 4" | 6 
32.2 31.7 | 32.3 
32.1 $31.6 | 32.3 
32.3 | 31.8 | 32.3 
32.1 31.6 | 32.3 
32.3 31.9 | 32.4 
32.1 | 31.6 | 32.3 
33.5°| 31.7 | 32.3 
32.2 | 31.6 | 32.3 
39.5 31.8 | 32.4 
32.3 | 31.6 | 32.3 
41.5 31.8 | 32.4 
33.4 | 31.6 | 32.3 
41.4 | 31.8 | 32.5 
32.3 | 31.6 | 32.3 
44.6 | 33.4 | 32.9 
34:7 | 32.0 | 32.7 
45.2 39.4 | 37.5 
42.4 | 34.9 | 33.9 
40.5 40.2 | 41.4 
37.5 | 39.5 | 40.8 
53.1 | 46.7 | 42.3 
35.6 | 37.6 | 39.1 
55.1 49.5 | 44.7 
37.6 | 40.2 | 41.5 
55.4 49.5 | 45.5 
39.3 | 42.3 | 43.3 
51.1 48:0 | 47.0 
46.5 46.3 | 46.4 
59.0 50.6 | 46.0 
58.7 | 42.1 | 43.9 
61.8 | 55.0 | 50.5 
49.6 48.0 | 48.3 
62.3 57.0 | 52.9 
40.6 | 50.5 51.0 
56.4 53.1 | 51.5 
46.0 49.4 | 50.5 
63.3 56.5 | 52.5 
48.9 | 49.6 | 50.7 
73.7 | 65.5 | 58.4 
54.2 | 54.0 | 53.9 
75.7 | 68.4 | 62.0 
59.8 | 59.9 | 59.1 
77.6 | 70.8 | 65.8 
60.8 | 62.5 | 63.4 
74.2 | 69.7 | 65.7 
61.4 | 63.1 | 63.8 
75.1 | 70.0 | 66.0 
60.5 | 62.8 | 64.1 
62.4 | 64.8 | 64.1 
57.0 | 61.7 | 62.7 
55.5 | 57.5 | 61.0 
53.7 | 56.3 | 58.5 


— eee 
, 
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TABLE 68.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
; WITH SAND, MAY, 1915. 


Date— ravel. Sand. Loam. Clay. Peat. 
dS TTT ie aia eee ae (le Ae ae a Ss 
minimum. 2 4” 6” Vad 4” 6” ye 4” 6” Fash Aen 6 pao age: | 6” 
1 Max 65.3 | 62.3 | 60.6 | 63.3 | 62.4 | 60.9 | 63.7 | 61.8 | 58.0 | 61.8 | 60.0 58.0 | 61.6 58.4 56.7 
Min 47.6 | 49.7 | 50.8 | 47.8 | 48.9 | 50.7 | 48.8 | 51.6 | 52.8 | 48.1 | 49.6 | 51.8 | 48.8 | 52.0 ; 55.0 
3 Max....| 52.9 | 54.7 | 55.9 | 53.5 | 54.7 | 56.3 | 54.1 | 56.5 | 56.9 | 53.4 | 53.3 56.0 | 53.8 | 55.8 | 58.0 
Min | 52-0 | 53.3%| 54.0°|-5158 |.52-79.15538.9.) 5324-) 54:6 | 54.4 1°53.0-/9529 | 54.2 53.3 | 54.3 | 55.9 
4 Max....| 49.7 | 51.0 | 51.4 | 49.6 | 50.6 | 51.2 | 51.3 | 52.0 | 51.7 | 51.1 | 50.6 51.5 | 52.2 | 52.0 | 54.2 
Min -| 47.0 | 49.0 | 49.8 | 46.4 | 47.8 | 49.4 | 48.6 | 50.5 | 50.5 | 48.6 | 49.2 | 50.5 | 49.4 | 50.8 | 53.0 
5 Max....) 57.8 | 57.4 | 55.9 | 58.6 | 58.3 | 57.3] 58.1 | 56.5 | 53.4 | 57.8 | 54.7 | 54.1 | 59.0) 55.1 | 53.1 
Min -| 45.0 | 46.2 | 47.5 | 44.6 | 45.4 | 46.5 | 45.7 | 47.8 | 48.5 | 46.0 | 46.2 | 48.6 | 46.3 | 48.8 | 51.5 
g { Max... 69.1 | 64.3 | 61.2 | 72.3 | 67.9 | 63.6 | 65.2 | 60.4 | 56.4 | 65.9 | 61.0 | 58.3 | 63.0 | 59.1 | 55.1 
{ Min... 45.5 | 45.9 | 47.3 | 44.7 ; 44.9 | 46.1 | 45.4 | 47.3 ; 48.5 | 45.6 | 45.8 | 48.8 | 44.6, 48.0 | 51.7 
7 (Max....| 57.0 | 57.9 | 57.6 | 58.8 | 59.1 | 58.8 | 52.0 57.5 | 55.2 | 57.7 | 57.2 | 56.4 | 59.2 | 57.2 | 55.7 
{ Min... 53.4 53.7 | 54.0 | 53.6 | 53.7 | 54.1 | 53.2 | 53.9 | 53.2 | 53.9 | 53.8 | 54.2 | 53.9 | 54.4 | 55.0 
8{ Mae 55.5 | 56.0.| 55.4 | 56.9 | 57.2 | 56.7 | 55.7 | 54.9 | 52.8 | 56.0 | 54.0 | 54.0 | 56.9 | 54.4 | 53.9 
Min....} 47.5 | 48.5 | 49.6 | 47.3 | 47.8 | 48.9 | 47.8 49.6 | 50.1 | 48.0 | 49.1 | 50.4 | 48.4 | 50.7 | 58.2 
10 { Max....| 73.2 | 66.9 | 63.4 | 76.2 | 69.4 | 66.5 | 65.7 | 61.8 | 56.1 | 65.6 | 61.6 | 58.0 | 65.5 | 59.0 | 53.4 
Min.. 39.6 | 41.0 | 43.2 38.4 | 39.4 | 41.8 | 39.6 | 43.1 | 45.4 | 40.7 | 42.5 | 45.4 | 40.5 | 45.1 | 49.5 
rT Max....| 78.7 | 72.6 | 68.5 | 79.6 | 74.2 | 70.8 | 73.4 | 67.7 | 61.1 | 71.2 | 66.7 | 62.4 | 68.9 | 62.2 | 56.1 
Min.. 46.4 | 47.5 | 49.4 | 45.7 | 46.5 | 48.4 | 45.8 | 48.6 | 49.7 ; 46.7 | 48.2 | 50.2 | 45.4 | 49.2 | 52.5 
19 { Max....; 82.9 | 75.2 | 71.6 83.1 | 77.3 | 73.6 | 78.3 | 71.3 | 65.0 | 76.0 | 69.9 | 66.1 | 71.9 | 65.1 | 59.3 
Min.. 51.5 | 52.8 | 54.3.) 50.9 | 51.7 | 53-5°) 51.6 | 53.9 |°54.7.) 51.4. | 52:8 |. 54.5 | 50.1 | 53:5 | 55-7 
13 { Max... 76.4 | 69.6 | 67.6 | 75.3 | 70.1 | 68.5 | 71.4 | 68.0 | 63.6 | 70.6 | 66.2 | 64.1 | 68.4 | 63.8 | 59.8 
\ Min. . 55.0 | 56.5 | 58.0 | 54.8 | 55.6 | 57.6 | 54.7 | 58.0 | 58.4 | 55.3 | 56.5 | 58.3 | 54.4 | 57.0 | 57.7 
14 { Mo: 81.9 | 74.4 | 71.2 | 80.3 | 74.8 | 72.0 | 76.5 | 71.5 | 65.8 | 75.2 | 68.9 | 66.0 | 70.1 | 65.3 | 60.5 
Min....| 51.0 | 53.0 | 54.5 | 50.2.) 51.2 | 53.4 | 50.2 | 54.5 | 56.0 | 51:0 | 52.6 | 55.4 | 50.0 | 54.3 | 57.4 
| 
15, 69.0 | 66.4 | 64.3 | 67.4 | 66.0 | 64.3 | 65.8 | 64.2 | 60.8 | 65.0 | 62.5 | 60.8 | 63.0 | 59.5 | 58.5 
Min....| 51.0 | 53.7 | 56.2,| 50.4°| 52.3 | 55.2} 50-7 | 56.1 | 57.9'| 50.7 | 53-5 | 56.7 | 50.1} 55-1 | 56.8 
17 | Max .| 53.2 | 53.0 | 53.0 | 54.0 | 53.5 | 53.6 | 52.2 | 53.5 | 52.1 | 53.0 | 52.8 | 52.6 | 54.0 | 52.9 | 52.8 
\ Min .| 44.0 | 45.7 | 47.6 | 43.5 | 44.7 | 46.6 | 44.2 | 48.2 | 49.8 | 45.5 | 47.2 | 49.6 | 45.4 | 49.0 | 51.9 
1s | Max .| 53.0 | 51.9 | 51.1 | 53.3 | 52.0 | 51.5 | 51.8 | 51.7 | 49.7 | 52.4 | 51.1 | 50.5 | 53.0 | 50.5 | 49.8 
\ Min | 39.3 | 41.8 | 44.3 | 38.0 | 40.3 | 43.0 | 39.7 | 44.6 | 46.7 | 41.0 | 43.6 | 46.5 | 41.1 | 45.8 | 50.2 
19 Max....) 67.5 | 64.2 | 61.0 | 70.3 | 66.4 | 63.6 | 62.7 | 59.2 | 54.2 | 62.2 | 58.0 | 55.6 | 62.5 | 56.0 | 51.4 
Min -| 39.5 | 40.5 | 42.2 37.6 | 38.3 | 40.7 | 38.2 | 42.2 | 44.3 | 40.7 | 41.2 | 44.3 | 39.7 | 44.5 | 48.2 
99 { Max .| 51.0 | 50.6 | 50.5 | 51.0 | 50.8 | 50.4 | 49.2 | 49.9 | 49.4 | 50.3 | 49.2 | 50.0 | 50.2 | 49.7 | 51.1 
\ Min | 46.2 | 48.0 | 49.2 46.0 | 47.2 | 48.9 | 45.6 | 49.5 | 48.9 | 46.7 | 46.5 | 49.4 | 46.8 | 48.9 | 50.3 
21 { Max....| 67.5 | 64.1 | 61.8 | 70.4 | 66.6 | 64.6 | 64.3 | 60.5 | 56.2 | 64.7 | 60.5 | 58.2 | 64.3 | 58.9 | 54.1 
| Min. . 50.5 | 50.5 | 50.2 | 50.6 | 50.4 | 50.3 | 49.2 | 50.0 | 49.0 | 50.5 | 49.3 | 49.9 | 50.5 | 49.6 | 50.3 
22{ Max...., 60.9 | 60.1 | 68.6 | 62.0 | 61.5 | 60.0 | 59.4 | 57.5 | 54.5 | 58.5 | 55.7 | 55.6 | 59.0 | 55.8 | 54.0 
| Min....| 50.0 | 50.6 | 51.8 | 49.8 | 50.0 | 51.3 | 49.7 | 51.2 | 51.6 | 50.3 | 49.5 | 52.3 | 50.4 |] 52.2 | 53.3 
4 {Max....| 71.2 | 69.6 | 66.7 | 73.5 | 71.0 | 68.5 | 69.9 | 66.0 | 61.6 | 68.1 | 64.7 | 62.5 | 67.6 | 70.8 | 58.7 
\ Min....) 55.5 | 56.2 | 56.9 | 55.2 | 55.7 | 56.7 | 55.5 | 56.5 | 55.9 | 55.6 | 55.4 | 56.1 | 55.4 | 55.8 | 56.4 
Ly ea 68.9 | 66.8 | 64.1 | 70.0 | 68.2 | 65.5 | 67.5 | 63.8 | 60.5 | 66.1 | 62.7 | 61.2 | 65.5 | 61.4 | 59.3 
+ Min...) 56.5 | 56.5 | 57.1 | 55.9 | 55.7 | 56.5 | 55.9 | 56.8 | 56.7 | 55.9 | 55.8 | 57.0 | 56.2 | 56.9 | 58.0 
26 j Max....| 61.4 | 59.6 | 59.4 | 62.7 | 61.0 | 60.8 | 59.4 | 58.7 | 57.3 | 59.0 | 57.7 | 58.0 | 59.6 | 58.3 | 58.8 
{ Min... | 53.3 | 55.7 | 57.0 | 58.1 | 54.9 | 56.9 | 55.0 | 56.9 | 55.5 | 55.2 | 56.3 | 56.1 | 56.5 | 56.4 | 57.4 
a7 { Me: *--| 68.2 | 63.2 | 61.5 | 68.1 | 64.1 | 62.3 | 63.3 | 60.3 | 56.3 | 62.3 | 59.1 | 57.3 | 61.4 | 57.2 | 54.6 
Min....| 41.0 | 42.6 45.2 39.4 | 40.7 | 43.2 | 40.9 | 45.4 | 48.0 | 41.7 | 44.1 | 47.0 | 45.0 | 48.5 | 52.5 
28 { Moe * 7: 61.2 | 59.1 57.7 | 58.7 | 59.5 | 58.9 | 58.9 | 56.8 | 54.4 | 58.1 | 55.5 | 55.2 | 57.5 | 55.1 | 54.1 
Min....! 48.3 | 49.1 | 50.4 | 47.3.) 47.6 | 48.9 | 47.8 | 49.9 | 50.8 | 48.0 | 48.8 | 50.7 | 48.3 | 50.8 | 53.1 
29 { Max... 58.1 | 57.2 | 56.5 | 58.8 | 57.8 | 57.0 | 57.4 | 56.3 | 54.3 | 57.3 | 55.5 55.1 | 58.0 | 55.6 | 54.8 
Min....| 51.5 | 52.1 | 52.8 | 51.0 | 51.4 | 52.3 } 51.4 | 52.5 | 52.4 | 51.7 | 51.9 | 52.8 | 51.9 | 52.6 | 54.0 
ai { Max... 83.1 | 75.4 | 71.6 | 83.2 | 77.4 | 73.8 | 74.9 | 70.9 | 64.5 | 74.8 | 68.9 | 65.1 | 71.2 | 64.7 | 59.0 
Min....| 50.8 | 51.3 | 52.7 | 50.1 | 50.1 | 51.6 | 50.0 | 52.1 | 58.3 | 50.4 | 51.1 | 53.2 | 49.7 | 52.9 | 55.7 
Max..| 65.18] 62.45) 61.09) 65.80) 63.54) 61.96] 62.63] 60.36, 57.00) 62.09| 59.15) 57.79] 61.44) 58.22) 55.65 
Ave.} Min..| 48.42) 49.67) 51.00) 47.86) 48.66) 50.25) 48.41) 50.98] 51.65) 48.94) 49.75) 51.69| 48.93) 51.43] 53.71 
Range | 16.76) 12.78) 10.09) 17.94) 14.88] 11.71) 14.22) 9.38} 5.35) 13.15| 9.40) 6.10) 12.51) 6.78) 1.94 
| 
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TABLE 69.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, JUNE, 1915. 
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71.9 | 70.9 | 69.9 | 68.0 
57.0 | 58.9 | 55.5 | 58.8 
71.8 | 70.5 69.3 | 67.4 
60.0 | 61.8 59.1 | 62.2 
77.6 | 74.0 74.5 | 70.0 
56.9 | 58.5 | 56.7 | 59.5 
77.8 | 75.4 | 75.3 | 72.6 
58.3 | 59.8 | 58.0 | 60.6 
80.7 | 77.8 80.5 | 75.8 
52.3 | 55.6 | 52.3 | 57.3 
73.0 | 70.3 72.4 | 69.0 
56.2 | 58.7 | 56.4.| 60.3 
81.7 | 78.4 81.5 | 76.9 
58.4 | 59.9 | 57.9 | 60.6 
86.2 | 82.6 86.9 81.4 
57:9 | 60.6 57.1 61.5 
85.8 | 83.1 88.0 83.4 
62.6 | 64.8 62.3 | 65.6 
71.7 | 70.5 70.9 | 70.6 
65.6 | 67.4 | 63.8 | 68.2 
85.7 | 83.4 83.3 80.5 
60.8 | 62.0 60.4 | 63.7 
75.40| 73.10 74.40 71.25 
57.35| 59.01 57.07 59.93 
14.09 17.33 11.33 


6” 
66. 
57. 


61. 
60. 
58. 
7 


ee alw ose 
no ow 


57. 
67. 
56 
70 
9 


1 
3 
3 
8 
5 
9 
0 
9 
0 
8 
8 
4 


mw We 2O wo 


70. 
67. 


65.1 
59.2 


61.8 
59.8 


58.9 
55 3 


64.7 
56.7 


68.7 
58.2 


65.2 
60.1 


65.1 
60.6 


63.9 
59.6 


67.5 
59.5 


64.7 
60.0 
| 65.0 
62.4 
66.0 
60.7 
68.0 
61.2 
69.5 
59.6 
65.6 
61.8 
69.9 
61.1 
74.1 
62.8 
77.0 
67.0 
68.9 
68.6 


74.5 
64.3 


66.82 73.86 
60.72, 57.82 


on 
. . . . So . . . . . 
CO COO - 20 OW ON 


6.10 16.04 


Clay. 


on 
Ss) 
aa 
c) 


~ 
o 
o 


| 
| 70.19 


Sa Se 86 se 
oa ne ao wo wo rw CON Cw on Q= Cia Nowe of oo 


o- 
sta 


OD OD oo OD UID ON 
o 02 VO ON OS N= 


Pr 2D oD 
a Fm CMD ow 


Peat. 


4” 


| 
| 


aoa on 
ao oo ro 
S$ $3 &S 


oan AN wh am aD om ob IS OM NH CO HO HU HO NO 
on 
& 


ZB 


=k 
N 2D DO CN WoO FO 


DIN Ce. OS ON Oe Sy See an 
28 


oN on oN oN om ou 
wn NO oo “0 

faz] 

Bs 


#8 


on o 
28 SB 
woo am UN NOD FO OM UM HS CM 


On opm ow 
Sad 


oT on «a 


COM oN BB CO NM BRO UN SHS WO YW WO UM w 


S& Sf 


N no o= & 


Sa ea imal ss 
SE RE 


ier) 
. . 


on ales 


an 
oo © 


73.95) 68.38 
57.42) 60.36 


a 


cAverage of 22 days instead of 26 as the rest of the averages. 
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TABLE 70.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, JULY, 19135. 
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TABLE 71—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, AUGUST, 1915. 


Date— Gravel. Sand. Loam. Clay. Peat. 
Maxim um, | = eee 
minimum. |g 4 BY | or) ae) Gt | Oy a | er | or, Br BP eee Se 
9 {Max....| 77.0 | 74.6 74.7 | 76.8 74.1 | 74.7 | 74.6 | 74.8 | 73.4 | 75.0 | 74.5 | 74.2 | 76.4 75.7 | 76.1 
\ Min: <<] 69:8 | 70-7 | 72.1 | 68.9 | 69.8 | 71.6 | 69.3 | 72.1 | 72.3 | 70.5 | 72.1 | 73.3 | 70.8 | 73.8 | 74.6 
3 { Max 75.9 | 75.3 | 73.9 | 75.9 75.6 | 74.8 | 75.4 | 74.4| 71.2 | 76.3 | 74.6 | 72.8| 77.3 | 74.0 | 72.5 
| Min 66.9 | 67.8 | 68.8 | 66.3 67.0 | 68.3 | 67.0 | 69.0 | 68.9 | 67.9 | 68.8 | 69.7 | 68.8 | 70.6 | 71.4 
4 { Max 73.3 | 71.0 | 69.6 | 74.1 72.0 | 70.2 | 71.3 | 70.0 | 68.7 | 72.4 | 70.0 | 69.8 | 71.7 | 70.5 | 70.8 
Min 61.1 | 65.1 | 66.3 | 63.5 | 64.4 ; 66.0 | 64.1, 66.6 | 67.1 | 65.0 | 66.3 | 67.7 | 65.7; 68.4 | 69.5 
5 { Max _| 62.5 | 63.6 | 64.1 | 63.2 63.4 | 64.0 | 62.8 | 64.3 | 64.1 | 63.8 | 64.2 | 64.8 | 63.9 | 64.9 | 67.8 
Min....| 60.5 | 61.4 | 62.8 | 59.6 | 60.5 | 62.1 | 60.0 | 63.0 | 63.9 | 61.4 | 62.9 | 64.6 | 61.2 | 64.6 | 66.5 
g{Max....| 72.8 | 69.3 | 68.5 | 73.5 70.5 | 69.4 | 69.8 | 68.5 | 66.0 | 70.9 | 68.6 | 67.3 | 70.3 | 67.9 | 66.4 
Min. ...| 60.1 | 60.5-| 61.5 | 59.6 | 59.9 | 60.8 | 59.5 | 61.5 | 61.8 | 60.6 | 61.3 | 62.3 | 60.3 | 62.5 | 64.7 
{tex .| 73.5 | 71.7 | 70.4 | 74.4 | 73.4 | 72.2 | 71.1 | 70.2 | 67.0 | 72.0 | 70.5 | 68.5 | 72.8 | 69.1 | 66.3 
Min. ...| 58.8 | 59.6 | 61.0 | 58.0 | 58.7 | 60.3 | 58.1 | 60.9 | 61.6 | 59.2 | 60.6 | 62.0 | 58.9 | 62.0 | 62.0 
g { Max....| 87.0 | 82.8 | 79.8.) 89.8 95.3 | 82.7 | 80.3 | 77.8 | 72.6 | 83.2 | 79.9 | 76.0 | 84.3 | 77.5 | 71.5 
Min... .| 62.3 | 63.2 | 65.0 | 61.5 | 62.3 | 64.2 | 61.3 | 64.1 | 65.0 | 62.9 | 64.5 | 66.2 | 62.0 | 65.6 | 68.1 
10 { Max .| 90.8 | 85.3 | 82.1 | 92.6 87.1 | 84.6 | 83.9 | 80.3 | 74.9 | 86.4 | 81.9 | 77.9 | 86.8 | 78.9 | 73.5 
Min....| 63.1 | 64.6 | 66.7 | 62.0 | 63.3 | 65.7 | 61.8 | 65.4 | 66.4 | 63.7 | 65.7 | 67.6 | 62.5 | 66.8 | 68.8 
11 { Max....| 71.1 | 70.3 | 70.4 | 70.9 | 70.3 70.4 | 68.9 | 69.6 | 68.6 | 70.0 ; 69.7 | 69.7 | 70.0 | 69.6 | 71.5 
\ Min. .::| 66.0 | 67.2 | 69.1 | 65.0 | 66.1 | 68.2 | 64.6 | 67.8 | 68.0 | 66.0 | 67.9 | 69.2 | 65.0 | 68.8 | 69.8 
12 { Max....| 69.3 | 68.1 | 67.9 | 69.5 | 68.3 | 68.0 | 67.9 | 68.0 66.8 | 68.9 | 68.0 | 67.8 | 68.5 | 68.0 | 68.5 
Min. ...| 64.1 | 64.8 | 66.0 | 63.5 | 64.1 | 65.3 | 63.7 | 65.8 | 65.9 | 64.7 | 65.7 | 66.7 | 64.6 | 66.4 | 67.4 
13 ee | 80.5 | 76.4 | 74.0 | 83.3 | 79.3 | 75.8 | 76.7 | 73.4 | 70.3 | 77.8 | 73.5 | 71.7 | 77.6 | 72.8 | 68.6 
Min....| 62.9 | 63.2 | 64.0 | 62.4 | 62.7 | 63.7 | 62.3 | 64.1 | 64.2 | 63.4 | 63.9 | 64.9 | 63.0 | 64.6 | 66.6 
14 { Max 78.0 | 74.1 | 71.3 | 78.9 | 75.8 | 72.6 | 74.9 | 71.3 | 69.3 | 75.6 | 71.4 | 70.5 | 75.4 | 71.1 | 69.0 
Min. 62.0 | 62.7 | 64.3 | 61.0 | 61.6 | 63.4 | 61.2 | 64.1 | 64.7 | 62.3 | 63.7 | 65.4 | 61.6 | 65.0 | 66.5 
16 { Max 83.2 | 80.6 | 78.3 | 85.1 | 83.1 | 80.9 | 79.0 | 77.0 | 72.7 | 80.3 | 77.6 | 74.5 | 81.1 | 75.8 | 70.6 
Min 64.8 | 65.5 | 66.8 | 64.2 | 64.8 | 66.3 | 63.9 | 66.3 | 66.7 | 65.1 | 66.1 | 67.4 | 64.7 | 67.2 | 67.8 
spies 72.3 | 71.5 | 70.9 | 74.9 | 74.2 | 73.6 | 70.6 | 71.0 | 68.6 | 71.3 | 70.9 | 69.9 | 71.3 | 70.0 | 69.9 
Min. ...| 62.8 | 64.7 | 66.9 | 62.0 | 63.6 | 66.1 | 62.9 | 66.6 | 66.5 | 64.1 | 66.3 | 67.5 | 64.2 | 67.3 | 68.0 
1g { Max...) 82.1 | 78.3 | 75.5 | 85.1 81.1 | 78.7 | 77.0 | 74.5 | 69.6 | 77.0 | 74.1 | 70.8 | 77.7 | 71.6 | 67.1 
\ Min....| 52.9 | 54.8 | 58.0 | 51.2 | 52.8 | 56.0 | 52.5 | 57.8 | 60.6 | 53.8 | 57.1 | 60.6 | 51.5 | 59.4 | 64.1 
| | 
19 { Max...) 86.7 | 82.1 | 78.8 | 89.0 | 84.6 | 81.6 | 81.6 | 77.9 | 72.0 | 81.5 | 78.0 | 73.6 | 82.5 | 75.0 | 67.8 
Min....| 56.9 | 58.4 | 61.2 | 54.6 | 56.6 | 59.8 | 55.4 | 60.5 | 62.5 | 57.0 | 59.8 | 62.6 | 55.1 | 61.5 | 65.5 
ao { Max .| 78.3 | 74.5 | 72.8 | 79.1 | 75.9 | 74.0 | 75.0 | 71.9 | 69.0 | 74.8 | 71.6 | 70.2 | 74.8 | 70.7 | 67.8 
Min 59.3 | 61.4 | 63.7 | 57.8 | 59.6 | 62.4 | 58.5 | 62.6 | 64.3 | 59.5 | 62.4 | 64.6 | 58.0 | 63.5 | 65.6 
a1 { Max | 66.2 | 65.9 | 65.7 | 66.1 | 65.9 | 65.8 | 65.4 | 65.6 | 64.8 | 66.3 | 65.6 | 65.7 | 66.0 | 65.6 | 66.9 
Min. ...| 63.8 | 64.2 | 65.4 | 63.2 | 63.8 | 65.0 | 63.2 | 64.8 | 64.5 | 64.0 | 64.6 | 65.5 | 64.01 65.1 | 66.0 
2g { Max 84.1 | 79.6 | 76.9 | 87.3 | 82.6 | 80.4 | 78.9 | 75.9 | 71.0 | 78.9 | 76.0 | 72.6 | 80.1 | 73.9 | 68.4 
Min 59.2 | 60.5 | 62.1 | 58.3 | 59.5 | 61.5 | 58.7 | 62.0 | 63.0 | 59.9 | 61.6 | 63.5 | 58.7 | 62.6 | 65.6 
o4 { Max 77.5 | 74.3 | 73.0 | 78.6 | 75.9 | 74.3 | 74.3 | 72.0 | 69.8 | 74.5 | 71.8 | 70.9 | 73.8 | 71.3 | 68.2 
{ Min 65.5 | 66.2 | 67.3 | 65.2 | 66.1 | 67.4 | 65.4 | 67.0 | 66.7 | 66.0 | 66.8 | 67.5 | 66.1 | 67.4 | 67.5 
25 { Max .| 71.8 | 71.0 | 69.8 | 72.6 | 72.3 | 71.1 | 70.1 | 68.9 | 66.1 | 70.0 | 68.7 | 67.1 | 70.8 | 67.5 | 66.7 
Min....| 60.7 | 62.2 | 63.9 | 59.8 | 61.3 | 63.1 | 60.4 | 63.2 | 63.6 | 61.3 | 63.0 | 64.4 | 60.9 | 63.6 | 65.0 
2g { Max .| 77.4 | 72.9 | 71.5 | 79.1 | 75.4 | 73.5 | 74.0 | 70.8 | 67.5 | 74.0 | 70.6 | 68.7 | 74.4 | 69.8 | 66.4 
Min 55.6 | 58.0 | 60.6 | 54.4 | 56.6 | 59.5 | 55.1 | 59.8 | 61.3 | 56.4 | 59.4 | 61.8 | 56.0 | 60.9 | 63.8 
arte 78.3 | 74.4 | 71.8 | 78.9 75.4 | 73.5 73.4 | 70.8 | 66.6 | 73.9 | 70.9 | 67.9 | 74.9 | 69.2 | 64.8 
Min. ...| 50.8 | 53.9 | 57.4 | 48.7 | 51.5 | 55.5 | 50.4 | 56.3 | 59.0 | 51.4 | 55.5 | 59.0 | 49.8 | 57.6 | 61.8 
2a { Max 81.1 | 76.9 | 74.0 | 81.5 | 78.1 | 75.8 | 75.9 | 73.1 | 68.1 | 76.3 | 73.3 | 69.6 | 78.0 | 70.6 | 65.9 
Min 53.0 | 55.3 | 58.2 | 51.1 | 53.2 | 56.6 | 51.7 | 56.9 60:1 | 58.0 | 56.2 59.3 | 51.1 | 57.8 | 62.1 
30 { Max 71.2 | 69.5 | 67.7 | 71.4 | 70.2 | 68.8 | 68.5 | 67.1 | 64.0 | 68.9 | 67.1 | 65.1 | 70.3 | 66.0 | 63.4 
Min. 54.5 | 56.8 | 59.1 | 54.0 | 56.0 | 58.4 | 53.8 | 58.0 | 59.8 | 54.9 | 57.6 | 60.0 | 54.8 | 59.5 | 61.5 
ae 76.5 | 71.7 | 69.4 | 76.5 | 72.7 | 70.9 | 71.4 | 68.7 | 64.7 | 72.2 | 68.8 | 66.1 | 72.5 | 66.9 | 63.1 
Min 50.5 | 52.9 | 55.7 | 48.8 | 51.0 | 53.4 | 49.7 | 54.6 | 57.1 | 50.6 | 53.9 | 57.0 | 49.6 | 55.7 | 60.4 
Max..| 76.9¢| 74.07| 72.42| 78.01| 75.48 73.94) 73.57| 71.84) 68.75) 74.32) 72.00) 70.14) 74.74| 70.92) 68.45 
Ave.{ Min. .| 60.42| 61.76| 63.61| 59.41) 60.65, 62.75| 59.79| 63.12) 64.03) 60.95) 62.84) 64.63) 60.34| 64.17 66.18 
Range| 16.48| 12.31] 8.81| 18.60) 14.83, 11.19 13.78) 8.72, 4.72) 13.37, 9.16) 5.51) 14.40) 6.78 227 
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TABLE 72.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, SEPTEMBER, 1915. 


Date— 
Maximum, 
minimum. 


Hee 


{ Max.... 
{ Min... 


3{ Mees 


Max... 
4 
(Max... 
6{ Min. 
Max... 


2 


Min... 
Range 


ON aN SN BN BO oN ow 


Gravel. Sand. 
dp! 4’ 6” Vad 4” 6” 
80.0 | 75.4 | 72.5 | 79.9 | 76.7 | 74.3 
53.5 | 55.7 | 58.1 | 52.5 | 54.4 | 57.3 
83.3 | 78.9 | 75.5 | 82.8 | 79.8 | 77.2 
55.6 | 57.9 | 60.3 | 54.8 | 56.8 | 59.6 
78.7 | 76.3 | 74.4 | 78.2 | 76.8 | 75.4 
60.5 | 62.0 | 63.6 | 59.7 | 61.2 | 63.2 

| | 
73.7 | 72.8 | 71.4 | 74.0 | 73.3 | 72.2 
63.5 | 64-1 | 65.1 | 63-0 | 63.7 | 65.0 

| | 
65.3 65.0 | 64.7 | 65.4 | 65.2 | 65.1 
63.0 | 63.1 | 63.5 | 62.6 | 62.9 | 63.3 
74.5 72.0) 70.3 | 75.2 | 72.9 | 71.5 
62.1 | 62.3 | 62.7 | 61.8 | 62.1 | 62.7 
81.1 | 76.7 74.7 | 81.9 | 78.5 | 77.0 
64.2 | 64.7 | 65.3 | 63.9 | 64.3 | 65.4 
73.6 | 72.2 | 70.8 | 76.2 | 74.8 | 73.1 
64.7 | 65.3 66.5 | 64.0 | 64.7 | 66.3 
78.2 | 75.4 | 71.3 | 81.0 | 78.8 | 74.6 
57.2 | 59.1 | 61.4 | 55.9 | 57.6 | 60.2 
75.4 | 73.4 | 71.1 | 75.8 | 74.0 | 72.4 
63.5 | 63.7 | 64.2 | 63.3 | 63.5 | 64.1 
83.3 | 79.6 | 77.5 | 88.9 | 84.2 | 81.8 
66.0 | 66.4 | 67.2 | 65.5 | 66.0 | 66.9 
89.1 | 83.8 | 81.3 | 92.1 | 87.8 | 84.5 
68.2 | 68.7 | 69.3 | 68.1 | 68.7 | 69.8 

| 

83.9 | 79.8 | 77.2 | 84.8 | 81.6 | 78.5 
70.1 | 70.9 | 71.7 | 69.9 | 70.6 | 71.8 
83.0 | 79.2 | 75.7 | 85.6 | 82.1 | 78.2 
67.5 | 68.2 | 69.3 | 66.9 | 67.5 | 68.8 
8.0 | 75.2 | 74.3 | 78.9 | 76.7 | 76.0 
4.5 | 65.6 | 67.3 | 63.5 | 64.6 | 66.3 
5.4 | 72.5 | 69.9 | 77.0 | 74.7 | 71.7 
9.9 | 61.5 | 63.4 | 59.0 | 60.7 | 62.8 
1.4 | 60.3 | 61.0 | 62.1 | 61.5 | 62.0 
9.7 | 52.7 | 56.3 | 49.0 | 51.3 | 54.7 
1.5 | 66.2 | 65.3 | 74.3 | 69.2 | 67.7 
4.5 | 47.6 | 48.0 | 42.0 | 45.3 | 48.7 
0.2 | 65.7 | 63.5 | 72.9 | 68.8 | 65.3 
8.2 | 50.1 | 52.8 | 46.4 | 48.6 | 51.6 
8.9 | 72.9 | 71.0 | 81.0 | 76.4 | 73.7 
7.9 | 58.5 | 59.4 | 57.5 | 58.3 | 59.4 
8.6 | 73.5 | 70.7 | 80.5 | 76.3 | 72.8 
9.2 | 60.0 | 61.1 | 58.8 | 59.5 | 60.8 
58.1 | 55.5 | 56.5 | 58.3 | 55.7 | 56.3 
46.3 | 48.5.| 51.6 | 45.5 | 46.3 | 49.6 
64.2 | 60.4 | 59.8 | 67.4 | 63.1 | 62.5 
42.1 | 45.1 | 48.0 | 40.5 | 42.8 | 45.3 
67.5 | 62.9 | 61.5 | 70.1 | 65.1 | 63.9 
40.5 | 43.8 | 47.1 | 38.6 | 41.5 | 45.4 
66.9 | 61.8 | 60.8 | 68.6 | 64.1 | 62.6 
43.3 | 45.7 | 48.6 | 41.5 | 43.8 | 45.6 
74.95| 71.50| 69.71| 76.52| 73.53| 71.62 
57.44) 58.85] 60.48| 56.57| 57.88| 59.78 
17.51, 12.65} 9.23) 19.95| 15.68| 11.84 
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Clay. 
6” ph! 4’ 
67.0 | 75.7 | 72.2 
58.7 | 53.6 | 56.6 
69.5 | 78.9 | 75.3 
60.8 | 55.8 | 58.5 
69.3 | 75.5 | 73.6 
63.4 | 60.3 | 62.1 
68.0 | 71.5 | 70.1 
64.4 | 63.0 | 63.9 
63.8 | 65.4 | 64.9 
63.1 | 63.3 | 63.6 
66.9 | 72.6 | 70.4 
62.3 | 62.5 | 62.7 
70.8 | 78.3 74.5 
64.8 | 64.7 | 65.3 
68.5 | 72.3 | 70.7 
66.7 | 65.2 | 66.3 
67.5 | 75.5 | 70.9 
62.7 | 58.4 | 61.0 
68.1 | 73.9 | 71.3 
64.0 | 63.8 | 64.1 
73.7 | 80.6 | 78.1 
66.9 | 66.4 | 67.1 
77.1 | 85.3 | 81.2 
69.3 | 68.9 | 69.6 

| 
74.8 | 80.1 | 76.5 
71.6 | 70.7 | 71.5 
73.4 | 81.3 76.4 
69.5 | 68.0 | 68.9 
71.7 | 76.1 | 74.7 
68.2 | 65.5 | 67.2 
67.9 | 73.0 | 69.8 
64.6 | 61.2 | 63.1 
60.5 | 60.5 60.9 
59.0 | 51.6 | 55.8 
62.5 | 67.5 | 65.0 
53.6 | 45.4 | 50.0 
61.3 | 67.0 | 63.0 
54.9 | 49.1 | 52.0 
67.2 | 74.3 | 70.1 
59.0 | 58.1 | 58.7 
67.8 | 74.5 | 70.0 
61.1 | 59.2 | 60.1 
56.4 | 56.4 | 56.0 
54.2 | 48.3 | 50.9 
57.4 | 59.8 | 58.4 
50.6 | 43.8 | 47.5 
58.3 | 61.7 | 59.8 
49.8 | 42.2 | 46.9 
58.0 | 61.6 | 58.9 
50.8 | 43.9 | 47.5 


66.70) 71.97) 69.30 
61.36) 58.12) 60.01 
5.34) 13.85) 9.29 


65.84 
63.52 
2.32 


67.45) 72.35] 68.12 
61.61) 57.76] 61.17 
5.84) 14.59) 6.95 


Peat. 

6” on 4’ 6” 
68.7 | 76.6 | 69.8 | 65.0 
59.0 | 52.5 | 58.0 | 61.5 
71.3 | 80.4 | 73.0 | 66.9 
61.1 | 54.7 | 60.0 | 63.2 
70.9 | 76.4 | 71.6 | 67.9 
63.8 | 59.6 | 63.3 | 65.2 
68.5 | 73.7 | 69.8 | 67.3 
65.0 | 62.9 | 64.8 | 66.0 
64.7 | 65.4 | 64.7 | 65.0 
63.9 | 63.2 | 63.5 | 64.7 
68.0 | 73.9 | 68.9 |. 66.0 

| 63.2 | 62.6 | 63.1 | 64.1 
| 72.0 | 78.7 | 73.0 | 69.5 
65.7 | 65.1 | 65.9 | 66.5 
69.3 | 73.9 | 70.4 | 69.5 
67.3 | 65.6 | 67.7 | 68.8 
67.8 | 76.0 | 68.3 | 67.9 
63.1 | 57.8 | 62.6 | 66.0 
69.2 | 75.9 | 70.5 | 67.4 
64.5 | 63.8 | 64.5 | 65.8 
75.2 | 80.6 | 75.7 | 71.8 
67.8 | 66.8 | 68.2 69.0 
78.1 | 83.0 | 78.2 | 74.0 
70.0 | 69.2 | 70.1 | 70.9 
75.4 | 80.2 | 76.1 | 74.0 
72.3 | 70.6 | 71.8 | 72.5 
74.7 | 80.5 | 75.4 | 73.4 
69.8 | 68.0 | 69.7 | 71.2 
73.3 | 77.8 | 74.7 | 72.5 
68.9 | 65.6 | 68.9 | 70.6 
68.5 | 72.7 | 68.6 | 68.5 
64.8 | 60.7 | 64.9 | 67.3 
61.1 ! 61.3 | 61.5 | 63.8 
59.4 | 52.3 | 58.9 | 61.8 
62.5 | 67.6 | 63.4 ; 60.8 
53.7 | 45.7 | 52.1 | 57.6 
61.7 | 64.4 | 60.8 | 59.6 
54.8 | 48.5 | 53.5 | 57.5 
67.5 | 74.7 | 68.7 | 64.0 
59.5 | 57.1 | 58.3 | 59.8 
68.0 | 74.5 | 68.6 | 65.1 
61.2 | 58.7 | 60.5 | 62.3 
56.8 | 55.5 | 56.5 | 58.8 
54.3 | 46.3 | 53.3 | 56.9 
57.4 | 61.0 | 58.1 | 56.4 
47.5 | 42.5 | 48.6 | 53.8 
57.7 | 62.5 | 58.6 | 55.5 
49.5 | 41.7 | 48.4 | 52.4 
57.4 | 61.5 | 58.0 | 55.3 
50.2 | 42.5 | 48.6 | 52.5 
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TABLE 73.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 
WITH SAND, CCTOBER, 1915. 
Date—. | Gravel. | Sand. Loam. Clay. Peat, 
Maximum, 
minimum. | gr , qr, er | 2, a, oF | oF 4 ot | of) an) Bf | ge) qeiee 
1 { Max...) 54.4 | 54.4 | 55.0 54.4 | 54.5 | 55.0 | 54.4 54.6 54.0 | 54.3 54.3 | 54.4:| 54.2 54.0 | 54.8 
Min 50.6 | 51-8 | 53.2 | 50-0 | 51.2 | 52-9 | 50.8 | 52-8 | 53.2 | 50.6 | 52.0 | 53.2 | 50.4 | 52.8 | 54.2 
9 {Max.... 65.6 | 62.6 | 61.9 66.7 | 63.2 | 63.2 | 62.6 | 61.8 58.6 | 62.4 61.0 59.4 | 64.7 60.8 | 67.0 
Min 50.9 | 51:8 | 52.9 | 50.1 51.1 | 52.5 | 51.0 | 52-5 | 52.8 | 51.2 | 52.2 | 63:1 | 51.2 | 52.5 | 54.1 
4(Max..../ 64.0 | 63.0 | 61.9 64.5 | 63.8 | 62.8 | 63.5 | 61.6 59.9 | 63.0 | 61.5 | 60.6 | 63.7 61.2 | 59.8 
| Min 58.4 | 58.5 | 58.8 | 58.1 | 58.5 | 59.0 | 58.3 | 58.5 | 57.8 | 58.3 | 58.3 | 58.3 | 58.6 | 58.4 | 58.6 
5 { Max 56.6 | 56.0 | 56.4 56.9 | 56.3 | 56.7 | 55.4 | 55.6 55.0 | 54.5 | 54.7 | 55.2 | 55.6 55.7 | 57.5 
5\Min....| 49:3 | 51.5 | 53.7 48.5 | 50.1 | 52.8 | 50.3 | 53-2 | 53.9 | 50.5 | 52.9 | 54-4 | 51.1 | 54-4 | 56.1 
o { Max 57.1 | 56.0 | 56.4 57.4 | 56.3 | 56.9 | 55.5 55.8 54.4 | 54.5 | 54.4 | 54.4 | 55.8 55.0 | 54.5 
Min. ...| 48.0 | 49:3 | 51.0 | 46.5 | 48.0 ) 48.4 | 48.5 | 50.6 , 51.6 | 48.5 ) 50.3 | 52.0 | 48.4 | 51.2 | 63.7 
| | | | | 
7 { Max .| 52.9 | 53.0 | 52.7 | 53.3 | 53.4 | 53.1 | 52.3 | 51.9 | 51.2 | 51.6 | 51.1 | 51.2.| 51.9 | 51.0 | 52.3 
Min....| 45.4 | 47.5 | 49.2 | 45.0 | 46.5 | 48.5 | 46.3 | 48.5 | 49.5 | 47.5 | 48.1 | 49.5 | 46.1 | 48.9 | 51.8 
g{Max..../ 46.2) 46.9 47.4 46.0 | 46.3 | 47.0 | 45.8 | 46.9 | 47.1 | 46.0 47.0 47.6 | 45.6 | 47.0 | 50.1 
8{ Min....| 42.4 | 44.3 | 46.1 | 41.4 | 43.0 | 45.1 | 42.9 | 45.6 | 45.6 | 43.3 | 45.7 | 46.9 | 43.0 | 46.1 | 49.0 
o { Max.. | 48.4 | 48.6 | 48.5 50.2 | 49.3 | 48.5 | 48.4 | 47.9 | 48.3 | 47.5 | 47.0 47.1 | 48.6 | 47.4 | 47.9 
Min... .| 39.3 | 40.8 | 42.8 | 38.1, 39:5 | 41.7 | 39.5 | 42.3 | 44.0 | 39.9 | 41.9 ; 44.2 | 39.4 | 45.1 | 47.0 
11 { Max...) 64.2 59.4 | 57.8 66.2 | 62.3 | 60.0 | 61.2 | 57.4 | 53.4 | 59.7 | 56.4 | 53.9 | 58.0 | 53.1 | 49.5 
Min....| 45.4 | 45.0 | 45.7 | 45.0 | 44.8 | 45.1 | 43.9 | 44.8 | 45.2 | 43.8 | 44.4 | 45.0 | 42.5 | 44.3 | 46.9 
12 { Max... 62.7 | 60.2 | 58.8 | 63.5 | 61.6 | 60.7 | 60.1 | 58.4 | 55.0 | 58.5 | 57.5 | 55.3 | 59.5 | 55.0 | 51.8 
Min<.:.) 48.0 48:1 / 49:3 47.3 | 48:4 | 48.8 | 47.0 | 48.3 | 49.0 | 47.0 | 47.9 | 49.0 | 45.5 | 47.7 | 49.7 
13 { Max _| 58.6 | 57.9 | 56.9 59.0 | 58.5 | 57.8 | 58.0 56.6 | 54.3 | 58.0 | 56.5 | 55.1 | 57.7 | 54.2 | 52.9 
Min. ...| 52.5 | 52.0 | 52.2 | 52.3 | 52.0 | 52.3 | 51.7 | 51.6 | 51.1 | 51.8 | 51.2 | 51.5 | 50.5 | 50.3 | 51.4 
| 
14 { Max...) 59.3 | 57.5 | 57.4 59.8 | 58.4 | 58.1 | 58.1 57.3 | 55.3 | 58.2 | 57.1 | 56.4 | 57.8 | 56.1 | 54.3 
\Min....| 52.9 | 52.8 | 53.1 | 52.5 | 52.5 | 52.9 | 52.5 | 52.7 | 52.4 | 52.7 | 52-7 | 53.0 | 51.8 | 51.9 | 53.0 
15 (Max... 64.9 60.9 | 59.8 65.8 | 62.5 | 61.1 | 62.0 59.6 | 57.0 | 61.0 | 58.2 | 57.4 | 62.0 | 58.5 | 55.4 
Min....| 51-0 | 51.6 | 5215 | 50.6 | 51.1 | 52-0 | 51.0 | 52/1 | 52.3 | 51.3 | 52.0 | 52-9 | 51.0 | 52.0 | 53.3 
16 { Max | 63.7 | 60.0 | 58.7 | 64.9 |.61.5 | 60.5 | 60.7 | 58.6 | 55.4 | 58.8 | 57.3 | 55.4 | 61.5 | 57.0 | 53.6 
Min....| 45.5 | 46.2 | 47.8 | 43.9 | 44.6 | 46.4 | 45.3 | 47.5 | 49.3 | 45.4 | 47.1 | 49.1 | 44.2 | 48.5 | 51.3 
1s{ Max .| 61.3 | 60.2 | 59.0 | 61.8 | 61.4 | 60.0 | 60.8 | 58.7 | 56.3 | 60.8 | 57.2 | 57.1 | 61.0 | 57.3 | 56.3 
Min. :::| 56.3 | 56.5 | 55.6 | 56.1 | 56.8 | 56.3 | 56.7 | 55.5 | 54.0 | 56.8 | 55.3 | 54.7 | 56.5 | 54.5 | 54.4 
19 { Max | 61.8 | 60.0 | 58.0 | 62.3 | 61.2 | 59.0 | 60.9 | 58.0 | 56.2 | 60.5 | 57.9 | 57.0 | 61.5 | 57.2 | 55.8 
Min. ...| 49.8 | 50.5 | 51.8 | 48.5 | 49.6 | 50.7 | 49.7 | 51.5 | 52.5 | 49.9 | 51.4 | 52.9 | 49-7 | 52.3 | 54.1 
2o { Max .| 65.6 | 61.8 | 60.0 | 66.7 | 63.5 | 61.6 | 63.0 | 59.9 | 57.2 | 62.2 | 59.6 | 58.2 | 62.5 | 58.6 | 55.8 
Min 49.8 | 50.0 | 51.1 | 48.6 | 49.0 | 50.2 | 49.2 | 50.8 | 51.5 | 49.6 | 50.6 | 52.0 | 48.5 | 51.0 | 53.5 
21 { Max 63.2.| 58.7 | 57.9 | 64.5 | 60.8 | 59.1 | 59.9 | 57.7 | 55.4 | 59.0 | 56.8 | 55.9 | 57.9 | 55.5 | 54.0 
Min 44.4 | 45.9 | 48.5 | 42.3 | 43.7 | 47.5 | 44.8 | 47.9 | 50.3 | 45.3 | 48.4 | 50.5 | 43.3 | 49.4 | 52.3 
2a { Max 62.2 | 57.6 | 56.8 | 63.4 | 59.5 | 57.0 | 59.0 56.4 | 53.9 | 57.5 | 55.2 | 54.0 | 55.4 | 53.2 | 51.8 
Min 42.1 | 43.5 | 44.9 | 40.3 | 41.3 | 43.8 | 41.7 | 45.4 | 47.2 | 42.0 | 45.9 | 47-9 | 40.6 | 46.0 | 49.7° 
93 { Max...) 58.8 | 54.8 | 54.4 | 59.5 | 56.0 | 55.3 | 55.8 | 54.0 | 52.4 | 54.4 | 52.8 | 52.4 | 53.5 | 52.2 | 51.0 
{ Min 42.3 | 44.7 | 47.1 | 40.6 | 42.7 | 45.5 | 42.8 | 46.5 | 48.1 | 43.0 | 45.8 | 48.0 | 41.6 | 46.5 | 49.2 
os { Mx 62.0 | 57.4 | 55.8 | 63.2 | 59.6 | 57.3 | 59.0 | 55.4 | 53.0 57.7 | 54.4 | 53.0 | 56.5 | 52.6 | 50.5 
Min 45.0 | 45.6 | 47.0 | 44.0 | 44.8 | 46.2 | 44.2 | 46.1 | 46.8 | 44.2 | 45.3 | 46.6 | 43.8 | 45.7 | 48.4 
og {Max..../ 58.6 55.0 | 53.0 | 59.7 56.8 | 53.7 | 56.2 52.5 | 51.1 | 54.9 | 51.5 | 51.2 | 53.5 | 50.5 | 49.8 
| Min. ...| 42.5 | 44.0 | 45.8 | 41.1 | 42.5 | 44.8 | 49.2 | 45.0 | 47.5 | 42.3 | 44.7 | 46.9 | 41.8 | 45.5 | 48.1 
a7 { Max....| 58.7 54.3 | 53.5 | 59.4 | 56.1 | 54.6 | 55.4 | 53.0 | 51.0 | 54.0 | 51.8 | 51.0 | 53.7 | 50.9 | 49.1 
Min 43.6 | 44.5 | 45.5 | 42.5 | 43.4 | 44.8 | 43.2 | 44.9 | 45.5 | 43.3 | 44.4 | 45.1 | 41.9 | 44.3 | 47.2 
ag { Max 61.0 | 56.2 | 55.2 | 61.9 | 57.8 | 56.8 | 57.4 | 54.9 | 52.1 | 56.3 | 53.9 | 52.3 | 55.3 | 52.1 | 49.7 
Min 45.0 | 45.0 | 45.9 | 44.0 | 44.4 | 44.9 | 43.9 | 45.2 | 45.0 | 43.9 | 45.0 | 45.6 | 43.0 | 44.8 | 47.4 
2p { Max 57.8 | 53.8 | 53.7 | 58.4 | 55.1 | 54.5 | 54.7 | 53.2 | 51.3 | 53.7 | 52.1 | 51.4 | 52.9 | 51.1 | 49.7 
Min 44.8 | 45.6 | 46.8 | 43.8 | 45.4 | 46.2 | 44.5 | 46.0 | 47.0 | 44.6 | 45.6 | 46.9 | 43.6 | 46.1 | 47.5 
39 { Max....| 59.6 | 55.1 | 54.1 60.8 | 56.9 | 55.5 | 56.7 | 53.8 | 51.4 | 55.3 | 52.8 | 51.5 | 54.4 | 51.4 | 49.2 
) Min 40.7 | 42.3 | 44.5 39.4 | 40.7 | 43.4 | 40-4 | 43:8 | 45.4 | 40.7 | 43.1 | 45.3 | 40.0 | 44.6 | 47.4 
[ Max.. 59.58| £6.98} 56.19 60.40| 58.18] 57.15| 57.57, 55.82| 53.86, 56.71! 55.00| 54.17| 56.73| 54.18] 52.85 
Ave.| Min... 47.15| 48.05 49.34, 46.17| 47.14] 48.57] 47.01 48.83| 49.57 47.21| 48.55) 49.79| 46.46] 49.03| 51.13 
‘Range 12.43} 8.93] 6.85 14.23| 11.04] 8.58} 10.56 6.99| 3.29, 9.50/ 6.45| 4.38] 10.27| 5.15| 1.72 
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TABLE 74.—MAXIMUM AND MINIMUM TEMPERATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED 


Date— 
Maximum, 
minimum. 


1{ 
A 


4 


17 


18 


19 


20 


Max.... 
Min.... 


Max.... 
Min.... 


{ Max.... 
\ Min.... 


{ Max.... 
Min.... 


| Max.... 
Min.... 


Max.... 
Min.... 


Max.... 
Min.... 


Max.... 
Min.... 


{ Max.... 
\ Min.... 


{ Max... 
\ Min.... 


{ Max.... 
\ Min..:. 


{ Max.... 
\ Min,... 


WITH SAND, NOVEMBER, 1915. 


Gravel. Sand. Loam. Clay. Peat. 

2” 4’ 6” ds 4’ 1 6” on | 4’ \ 6” Oe 4’ 6” Va! 4” 6” 
58.6 | 55.9 55.2) 09.1 | 56.0 | 90-9) || 55.5) | 5407 (95204) 1) 5407) | 5329) | 52-9 154.6 | 52:47 | bor7 
45.8 | 47.5 | 49.4 | 45.1 | 46.5 49.0 | 45.8 | 48.5 | 49.5 | 46.0 | 48.1 | 49.6 | 45.0 | 48.9 | 49.5 
47.6 | 47.5 | 47.9 | 47.5 | 47.5 47.9 | 46.7 | 47.2 | 48.1 | 46.5 | 46.7 | 48.1 | 45.8 | 48.5 | 50.0 
43.8 | 45.5 | 47.5 | 43.0 | 45.0 | 47.0 | 43.8 | 46.8 | 47.5 | 43.8 | 45.4 | 47.4 | 43.8 | 46.7 | 48.5 

| | 

50.0 | 47.1 | 46.8 | 50.5 | 48.0 | 47.3 | 47.7 | 46.4 | 45.4 | 46.8 | 45.3 | 45.4 | 44.5 | 44.4 | 45.5 
34.0 | 36.7 | 39.5 | 32.7 | 35.0 | 38.2 | 34.9 | 39.0 | 41.5 | 34.6 | 38.0 | 41.0 | 36.1 | 41.0 | 44.2 
54.5 | 50.8 | 50.0 | 55.2 | 52.0 | 51.0 | 51.5 | 49.6 | 47.6 | 50.6 | 48.9 | 47.8 | 49.8 | 47.6 | 46.2 
42.0 | 42.4 | 43.2 | 41.5 | 42.1 | 48.0 | 41.5 | 42.6 | 43.1 | 41,7 | 42.4 | 43.2 | 41.1 | 42.3 | 44.6 
45.8 | 45.2) 45.5 | 45.8 | 45.2 | 45.5 | 44.6 | 44.9 ; 44.7 | 44.6 | 44.2 | 44.9 | 44.0 | 44.4 | 45.5 
40.4 | 41.4 | 42.6 | 39.4 | 40.5 | 42.0 | 40.1 | 42.1 | 43.2 | 40.5 | 41.7 | 43.3 | 39.2 | 42.4 | 44.8 
48.9 | 46.8 | 46.0 | 49.3 | 47.2 | 46.9 | 46.0 | 45.4 | 43.9 | 45.5 | 45.1 | 44.3 | 44.9 | 42.8 | 43.0 
34:6 | 36.7 | 38.7 | 33.4 | 35.3 | 37.5 | 34.8 | 37.9 | 39.8 | 35.0 | 37.5 | 39.6 | 35.4 | 39.2 | 41.9 
63.0 | 58.4 | 54.3 | 64.3 | 60.8 | 57.0 | 60.3 | 55.1 | 52.7 | 59.7 | 54.5 | 53.3 | 58.6 | 53.0 | 49.7 
51.2 | 50.0 |- 49.0 | 51.5 | 50.6 | 49.8 | 49.8 | 48.5 | 46.9 | 50.1 | 48.5 | 47.5 | 49.2 | 46 6 | 46.0 
52.9 | 49.5 | 49.1 | 53.8 | 51.1 | 50.2 | 51.2 | 49.2 | 48.2 | 50.2 | 48.1 | 48.0 | 49.3 | 47.5 | 47.1 
38.6 | 41.1 | 43.8 | 37.5 | 39.7 | 42.8 | 39.1 | 42.9 | 44.9 | 39.4 | 42.4 | 44.8 | 39.4 | 44.3 | 45.9 
43.8 | 44.2 | 44.4 | 43.8 | 44.3 | 44.7 | 43.3 | 43.9 | 43.3 | 43.4 | 43.6 | 43.6 | 42.4 | 42.1 | 44.2 
46.3 | 38.0 | 40.1 | 34.8 | 36.5 | 39.0 | 36.3 | 39.5 | 41.4 | 36.4 | 38.7 | 41.0 ; 35.9 | 40.3 | 43.1 
55.9 | 54.2 | 52.7 | 56.0 | 54.9 | 53.5 | 54.5 | 52.3 | 49.4] 54.6 | 52.4 | 50.5 | 53.8 | 49.6 | 47.1 
48.5 | 46.9 | 45.8 | 48.5 | 47.0 | 46.2 | 46.8 | 45.5 | 44.3 | 47.1 | 45.3 | 45.0 | 45.6 | 43.8 | 44.4 
49.0 | 47.2 | 46.0 49.8 | 48.5 | 47.1 | 48.5 | 46.7 | 46.4 | 48.6 | 46.8 | 46.6 | 48.0 | 46.1 | 47.4 
39.3 | 41.6 | 44.3 37.8 | 40.0 | 43.1 | 39.7 | 48.8 | 45.4 | 40.1 | 48.5 | 45.7 | 40.0 | 44.9 | 45.9 
45.6 | 43.5 | 43.4 | 43.3 | 44.5 | 43.6 | 45.0 | 43.6 | 43.2 | 44.8 | 43.3 | 43.6 | 43.1 | 42.5 | 43.6 
34.6 | 36.8 | 38.8 | 33.5 | 35.4 | 37.7 | 35.5 | 38.7 | 40.5 | 35.4 | 38.0 | 40.5 | 36.8 | 40.2 | 42.5 
35.4 | 36.1 | 37.4 35.4 | 35.5 | 36.8 | 34.9 | 37.0 | 38.3 | 36.0 | 36.8 , 38.1 | 36.1 | 38.0 | 40.6 
34.0 | 35.8 | 36.9 | 33.3 | 34.8 | 36.4 | 34.3 | 36.5 | 37.5 | 34.2 | 36.4 | 37.5 | 35.3 | 37.3 | 39.7 
34.3 | 35.2 | 36.1 | 33.5 | 34.5 | 35.7 | 34.0] 35.4 | 36.4 | 34.4 | 35.5 | 36.4 | 34.2 | 36.4 | 38.8 
32.9 | 34:3°| 85.5 | 32.2 | 33.5 | 34.8 | 33.0) 34.9 | 36.0 | 32.7 | 34:4 | 35.9 | 33.7 | 35.8 | 38.3 
42.3 | 39.3 | 39.8 | 42.1 | 39.7 | 40.0 | 39.5 | 39.4 | 38.6 | 42.5 | 39.8 | 29.6 | 36.4 | 36.5 | 37.6 
33.8 | 34.8 | 35.7 | 33.4 | 34.3 | 35.4 | 33.8 | 35.4 | 36.0] 34.3 | 35.3 | 36.3 | 33.8 | 35.2 | 37.5 
39.9 | 39.7 | 39.5 | 40.1 | 39.7 | 39.8 | 39.2 | 39.0 | 38.2 | 40.1 | 39.5 | 39.0 | 37.7 | 36.8 | 37.6 
33.9 | 35.0 | 36.0 | 33.3 | 34.3 | 35.5 | 33.9 | 35.6 | 36.4 | 34.1 | 35.4 | 36.5 | 34.0 | 35.3 | 37.2 
41.4 | 41.3 | 41.1 | 41.3 | 41.5 | 44.4 | 40.7 | 40.4 | 40.0 | 41.2 | 40.6 | 40.8 | 39.8 | 35.5 | 39.8 
38.0 | 38.8 ; 39.8 | 37.7 | 38.7. | 39.9 | 37.9 | 39.3 | 39.6 | 38.6 | 39.6} 40.2 | 37.9 | 38.8 | 39.1 
38.5 | 38.7 | 38.8 | 38.7 | 38.8 | 38.9 | 38.¢ | 38.1 | 38.2 | 38.8 | 38.5 | 38.5 | 37.6 | 37.6 | 38.8 
35.4 | 5 OY al ai Vay a JO) | 36.2 | 37.5 | 35.4 | 37.2 | 37.8 | 36.0 | 37.3 | 37.9 | 35.5 | 37.2 | 38.5 
32.9 | 34.0 | 34.8 | 32.6 | 33.7 | 34.8 | 33.3 | 34.7 | 35.4 | 33.5 | 34.5 | 35.5 | 33.7 | 35.0 | 37.6 
32.8 | 33.9 | 34.6 | 32.5 | 33.6 | 34.6 | 33.3 | 34.6 | 35.2 | 33.4 | 34.3 | 35.3 | 33.5 | 34.8 | 36.7 
32.6 | 33.5 | 34.2 | 32.2 | 33.2 | 34.0 | 32.7 | 34.0 | 34.6 | 33.2 | 33.9 | 34.7 | 33.3 | 34.3 | 36.2 
32.3 | 33.4 | 34.0 | 32.1 | 30.0 | 34.0 | 32.5 | 33.9) | dh24 | 33: 33.9 | 34.6 | 33.2 | 34.2 | 36.0 
35.8 | 36.5 | 36.7 | 35.2 | 36.0 | 36.5 | 34.8 | 35.5 | 35.0 | 35.4 | 34.2 | 35.7 | 33.2 | 34.0 | 35.7 
33.3 | 34.0 | 34.5 | 32.8 | 38.5 | 34.4 | 32.9 | 34.0 | 34.3 | 33.3 | 35.7 | 34.74 33.0 | 33.9 | 35.5 
50.8 | 48.5 | 47.4 | 51.9 | 49.5 | 48.8 | 48.4 | 46.8 | 44.5 | 48.8 | 47.2 | 45.6 | 47.5 | 44.0 | 41.6 
43.9 | 43.7 | 43.5 | 43.8 | 43.8 | 43.8 | 43.0 | 42.7 | 41.5 | 43.5 43.0 | 42.5 | 42.3 | 40.5 | 39.9 

| | 
46.5 | 45.4 | 44.9 | 47.0 | 45.8 | 45.0 | 44.2 | 44.4 | 44.0 | 44.4 | 44.5 | 44.9 | 44.3 | 43.5 | 43.2 
41.5 | 43.2 | 44.3 | 40 8 | 42.5 | 44.1 | 41.6 | 48.4 | 43.0 | 41.7 | 43.2 | 43.6 | 42.0 | 42.6 | 42.7 
34.9 | 36.4 | 37.6 | 34.3 | 35.5 | 36.9 | 35.2 | 37.1 | 38.0 | 35.5 | 37.1 | 38.5 | 36.5 | 38.1 | 40.2 
34.3 | 35.8 | 36.9 | 33.8 | 34.8 | 36.1 | 34.7 | 36.4 | 37.1 | 35.2 | 36.5 ; 37.5 | 35.6 | 37.3 | 39.3 
....| 33.9 | 35.0 | 36.6 | 33.5 | 34.6 | 35.7 | 34.0 | 35.6 | 36.3 | 34.7 | 35.8 | 36.7 | 34.9 | 36.4 | 38.4 
Meeeeleoos 34.7 | 35.7 | 33.3 | 34.3 | 35.3 | 33.8 | 35.3 | 35.8 |}.34.4 | 35.4 | 36.3 | 34.3 |.35.9 | 37.7 
..| 44.42) 43.42) 43.2.) 44,£5) 42.7€) 43.6£| 43.18) 42.89) 42.34) 43.57) 42.66) 42.75] 42.35) 41.88] 42.48 
4 in..| 38.20) 39.00) 40.15) 37.16) 38.28) 39.73) 37.78) 39.64) 40.36] 38.02! 39.44) 40.54] 37.91| 39.82) 41.42 
6.22) 4.42) 3.10} 7.43) 4.49) 3.92) 5.40; 3.25) 1.99] 5.34) 3.22) 2.21] 4.44) 2.06) 1.05 
a a ee ee My a 8S Ee es lie a ea ee ev eel Se sh ns ee ee 
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Considering first tables 39 to 50 inclusive which contain the daily and 
monthly maximum and minimum and also the average monthly ampli- 
tude, of the different types of soil for the second year during which they 
were not covered with a layer of sand, it will be seen (1) that during the 
winter months when the soils were frozen the fluctuation, or the dif- 
ference between the maximum and minimum, was practically negligible 
in all soils and at all three depths. With the exception of a few cases 
the monthly amplitude was of equal magnitude not only in all the soils 
but also in all the various depths, and it amounted as a rule to about 
1°F. During a few days towards the middle of February, however. it 
amounted to several degrees at the upper 6-inch depth, in some of the 
soils. 

(2) Immediately upon thawing in the spring the magnitude of fluctu- 
ation began to increase. It became greatest in the sand and gravel and 
slightly smaller in the loam and clay and least in peat. It continued to 
increase until June when it reached its maximum in all the soils at all 
three depths. As an average for this month it ran as follows for the 6, 
12, and 18-inch depths respectively: gravel 14.63°, 5.73°, 2.52°; sand 
14.67°, 551°. 1.87°: loam 11.58°, 1.71°. 0:37°; clav 11.67°, 259° oes 
and. peat 4.19°. 0.36°, 0.39°F. At certain individual days during this 
month it ran as high as 20°F in the case of sand and gravel and only 
about 5°F in peat. at the 6-inch depth. From June on it began to de- 
erease in every soil and at every depth and continued to diminish until 
the soils froze again. 

(3) The soils which attained the lowest minimum temperature also 
attained the highest maximum and they arrange in the following descend- 
ing order: sand or gravel, loam, clay, and peat. The difference, however, 
between the lowest minimum temperature of the different soils was not 
verv large, the highest average variation for anv month was only about 
2°F. The difference. however. between the maximum of these soils was 
quite appreciable and especially betwen the sand or gravel and neat in 
which it amounted in some months. after complete thawing had taken 
place. to about 9°F. In other words the magnitude of the minimum 
temperature attained by the diverse classes of soils was about the same 
or very close. while that of the maximum varied somewhat and especially 
between the sand or gravel and peat. 

The close equality of the minimum temperature in the diverse classes 
of soil, therefore. contradicts the common belief that the light soils 
become greatly colder or reach a far lower temverature during the night 
than the heavier soils and especially peat, while the rather marked dif- 
ference in the maximum temperature goes to indicate that it is mainly 
this which is resnonsible for the variation in the average temperature ob- 
served in the various tvpes of soil during the snring and summer months. 

The data on the dailv and monthly maximum and minimum and 
monthly range for the third year are contained in Tables 51 to 62 in- 
clusive. It should he remembered that the soils during this year were 
covered with a thin laver of sand. 

The order and magnitude of the fluctuation of the different soils dur- 
ing the third year agree with those of the second vear just discussed, 
but the order and macenitnude of the minimum and maximum disagree 
most markedly. Indeed, the latter were just reversed in the third year. 
The magnitude of the maximum became more equal in the various soils 
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while the minimum varied ‘appreciably, but the difference was not as 
great as was in the maximum in the preceding year, the greatest monthly 
variation being only about 5° as against 10°F between the sand and 
peat. 

Evidently, therefore, the cover of sand raised the maximum tempera- 
ture, as well as it did the average, of the heavy types of soil and especially 
of peat, to the same degree as that of the light classes of soil. And by 
so doing it augmented their total intrinsic heat and their minimum tem- 
perature did not fall as low as that of the light soils. As already stated 
it accomplished this rise of temperature mainly by reducing the excess 
of water-evaporation. 

The data of the fourth year during which the soils were not covered 
with sand and their temperature was measured at 2, 4, and 6-inch depths 
instead of 6, 12, and 18 as previously, are represented in Tables 63 to 
74 inclusive. The results in these tables show that the magnitude and 
order of amplitude in the 6-inch depth were practically the same as in 
the second or corresponding year, when the soils remained uncovered, 
but in the 2 and 4-inch depths, they were of course somewhat different. 
The degree of fluctuation in these upper depths, and especially in the 2- 
inch, was higher but surprisingly approximately equal in the various 
soils. This means that the degree of amplitude in peat at the upper 
depths, was almost as great as that in sand and gravel. 

The order and magnitude of the maximum and minimum at the 6-inch 
depth in all the soils were also the same as in the second year, but in 
the 2 and 4-inch depths they differed somewhat. The most important 
difference, however, is that the magnitude of the minimum of the peat 
at the 2-inch depth was equal to or slightly lower than that of sand or 
gravel, while at the lower depths it was always higher. 

Temperature records taken at the upper 14-inch depth by the mercury 
thermometer with small bulb as already described, also show that the 
peat at this depth attained in the morning, as a very general rule, a 
slightly lower minimum than the sand and gravel, at the same depth. 

These unexpected large diurnal-nocturnal fluctuations and low mini- 
mum temperature of the peat at the surface or upper depths as com- 
pared with those of the light mineral soils, are undoubtedly due to the 
poor heat conductivity of the material. On account of the low heat 
transferring power of the peat, heat does not travel sufficiently rapidly 
from the lower depths to replenish some of that which is being lost at the 
surface and consequently it attains a low minimum, even though the 
temperature at a slightly lower depth is very high. For the same rea- 
son, during the insolation, the surface attains a high temperature. A 
low minimum and high maximum therefore give a high fluctuation at 
the surface. 

From the above it would seem therefore that the factor of poor heat 
conductivity of peat predominates and exerts a slightly controlling in- 
fluence on its temperature at or near its surface. 


THE DEGREB OF AMPLITUDE AT DIFFERENT DEPTHS AND THE LAW IT FOLLOWS. 


As already seen the magnitude of the diurnal-nocturnal amplitude 
diminishes with depth. The remarkable fact, however, is that this de- 
crease follows a mathematical law and indeed the geometric law, i. e., 
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the diurnal-nocturnal amplitude of oscillation of temperature decreases 
in geometric progression as the depth increases in arithmetrie pro- 
gression. The extraordinary closeness with which the actual fluctuation 
follows this law is shown by Table 75, which contains the observed and 
calculated fluctuation of the five different types of soil at four different 
depths. The observed amplitudes were obtained by taking records of the 
temperature every 20 minutes until the absolute maximum and minimum 
were attained at all different depths. The calculated values were se- 
cured by dividing the lowest observed fluctuation by the one preceding 
and then multiplying the other observed values by the ratio or constant 
thus obtained. 
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TABLE 75.—DEGREE OF DIURNAL AMPLITUDE OF TEMPERATURE AT VARIOUS DEPTHS AND THE GEOMETRIC PROGRESSION LAW IT FOLLOWS. 
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It is readily seen from the above table, therefore, that the calculated 
and observed diurnal amplitudes are remarkably chose in all the diverse 
types of soil and consequently the law is valid. 

Since the actual diurnal-nocturnal fluctuations follow the geometrie 
progression law they are expressable then by the formula A==FR®"', 
where A is the amplitude, F the first fluctuation, R the ratio of any 
amplitude (except the first) to the preceding one, and n the number of 
the amplitude. According to this equation, therefore, if the amplitude 
is known at two different depths it can be calculated at any other depth. 


THD RELATION BETWEEN THE MINIMUM TEMPERATURE OF THE SOIL AT THE 
SURFACE AND THAT OF THE AIR ABOVE. 


On account of the absorption of the solar energy the temperature of 
the soil immedately at the surface at the time that it reaches its maxi- 
mum is many degrees higher than that of the air above, amounting 
sometimes to about 30°F. In certain sections of the world this dif- 
ference must be far greater. 

During the night, however, i. e., when the minimum temperature is 
attained at-the surface soil, no such great difference exists. Indeed, both 
the air and surface soil reach practically equal minimum temperature, as 
the data in Table 76 show. These data were obtained by placing on the 
surface soil and about four feet in the air, minimum thermometers of 
the standard type, and taking records every morning for six months. 
During the months of June, July, August, and September the ther- 
mometers were exposed to the sky, but during September, October and — 
November they were covered with wooden boxes with perforations all 
around them to allow free circulation of air and consequently the rapid 
attainment of the actual air temperature. For lack of space only the 
averages for the various months are presented here. 


TABLE 76—MONTHLY AVERAGE MINIMUM SE rN OF THE SOIL AT THE SURFACE AND THAT 
OF THE ATR ABOVE 


June. July. August. September. October. November. 
SD eso oe eee tere ee Se eee 
Burlace;sorlpeercicnioes 7s aeicetncelcgine 49.36 58.03 53.88 52.04 39.74 33.48 
IAS s ore Saiselecn ea oe cence soos 47.90 56.42 52.34 50.88 38 92 31.35 


It is to be noted, therefore, that even during the night the surface 
soil had a higher temperature than the air above, but the difference is 
comparatively small, amounting to less than 2°F. In many individual 
nights the air temperature would be that many degrees warmer. 

The above results on the soil surface temperature were obtained on 
a sandy loam. Now it has already been seen that the mineral soils 
maintain a slightly higher temperature during the night than peat. 
Hence peat would always have equal or slightly lower temperature at the 
surface than the air above. 

It is an interesting fact that during the night, say at the time that 
the minimum temperature is attained at the surface soil, the tempera- 
ture of the air increases with the elevation up to a certain height and 
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the soil temperature increases with the depth, while during th: day ithe 
reverse is true. 


SEASONAL AND YEARLY AVERAGE TEMPERATURE. 


From the theoretical as well as from the practical standpoint it is 
very interesting and important to know what is the seasonal and yearly 
average temperature. These data of the different types of soil at the 
various depths for the three years are presented in Tables 77, 78 and 79 
inclusive. 


TABLE 77.—MONTHLY, SEASONAL AND YRARLY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF 
SOIL, NOT COVERED WITH SAND. 


Grave!. Sand. Leam. Clay. | Peat. Air. 
1912-1913 
Season. H a 
6” Pete 6” Zoe oe 6” 12” | 18” 6” een it Ocen| On e red |ekor 
| = 
Winter 


Dec....| 33.45) 34.71] 36.81] 33.53) 35.03) 37.32) 33.45] 35.77) 37.69) 33.65] 35.75] 37.12/33.86/35.73/38.36|3 
Jan,...| 32.39] 33.38] 34.82) 32.11] 33.41) 35.06) 31.64) 33.66] 35.18) 32.19} 33.82) 34.94/31.78|/33.36/35.78/2 
Feb....| 28.40) 29.70) 31.67) 28.01) 29.96) 32.09] 28.23} 30.94] 32.53) 28.59] 30.77) 31.99|27.61/30.77/33.31\2 


| 
| 

ea a le a ee — 
i 


Ave....| 31.41) 22.60) 34.43) 31.22) 32.80) 34.82) 31.11) 33.46) 35.13) 31.48) 33.45) 34.68|/31.08/33.29/35.82)/25.73 


Mar...| 34.16] 33.81] 33.79| 33.88] 33.60 

Apr....| 48.84] 45.83) 44.36) 48.40) 45.31 ; 3 11/45. 

May...| 61.01} 57.80} 56.35; 60.75] 57.43) 55.65) 59.36) 56.61) 54.36) 58.51) 56.22) 55.03/58.03/55.61|54.20/56.2 
45.45 


Ave....| 48.00) 45.81) 44.83) 47.68 


| 
| 
| 


Jun....| 75.72| 71.29] 69.32! 74.30] 70.13). 
July. ..| 78.73| 75.77| 74.74| 77.23| 74.79 
Aug....| 76.19] 73.70] 73.23| 75.64| 73.43 


| 
I 
| 


Ave....| 76.88) 73.59} 72.43) 75.72| 72.78 
65.09 


Sep....| 66.59] 65.35] 65.45) 9| 65. 
Oct....| 53.24] 53.66! 54.46) 52.75] 53.58] 55. 
Nov. ..| 42.02) 42.67| 43.71) 41.97 42.96] 44.42 


5 65.34) 64.96] 65.22) 64.56) 65.12/65.27/65. 63) 65.69/61.0 
52. 54.05! 55.07) 52.78! 52.79) 55.11/53.03/54.88/56.37/50.2 
43.18| 44.33} 42.29] 42.60] 44.42/41.95/43.42|45.45/41.7 


67.34 
73.34 
72.53 
71.07 
65.34 
55.07 


73.80 
77.89 
75.12 
75.60) 72.84) 70.10) 74.34) 71.85) 70.42/73.37|71.38/69. 66/69. 27 
65.59 
52.54 
41.90 


Ave....| 53.95 53.89) 54.54 53.60 53.88) 54.94) 53.01) 54.19) 54.79) 53.43) 53.32) 54.88/53.42)/54.64 55.84/50.97 


. 


Yr. ave...| 52.56) 51.48] 51.53) 51.22) 51.23) 51.35) 51.42) 51.12) 50.79) 51.29) 50.70) 50.90/50.23/50.16/50.85|47.58 
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TABLE 78.—MONTHLY, SEASONAL, AND YEARLY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF 


SOIL, COVERED WITH SAND. 


1913-14 


Season. 


Winter: 
Dec.... 
Jan.... 
Feb.... 


Ave.... 


Spring: 
Mar. 


Apr. is ; 
May... 


Ave.... 


Summer: 


Jun.... 
July... 
Aug.... 


Ave.... 


Autumn: 
Sept. 
Oct... 
Nov... 


Ave.... 


Gravel. 


39.05 35.73 
35.48) 33.39 
35.18) 32.76 


36.57 


| 41.50) 


Sand. 


18” 


35.97) 36.55 
45.34) 44.34 
57.31| 55.64 


46.21, 45.51 


68.79 67.12 
73.30 71.53 
71.69 71.09 


69.91 


| 


| 64.01 
5) 57.57 
43.46 


| 


53.69 55.01 


Loam. 


Clay. 


51.63 


1874) 516" 


40.40)37.09 
36.30/33.10 
35.91/33 .42 


37 .54/34.54 


64.04/64.35 
57.51/56.33 
43.65/39 .84 


55.07/53.51 


51.94/52.09 


Peat. Alr. 


12” | 18” 


39.74/42 .03|31.8 
34.76/36. 90/27.0 
34.74/36.56/12.7 


36.41|38.50) 23.83 


34.46)36.03/31.1 
43 .18)42.82|44.7 
56.41/54.82/58.6 


44.68|44.56)44.80 


55.21/56. 54/50. 83 


SS eS se 


52.14|52.49|47.02 
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TABLE 79.—MONTHLY, SEASONAL, AND YEARLY AVERAGE TEMPERATURE OF DIFFERENT TYPES OF 
SOIL, NOT COVERED WITH SAND. 


a 


| 5 | 


Gravel. Sand. Loam. Clay. Peat. Air. 
1914-15 | | 
Season | | | | 
Ge | 4” 6” acs | 4’ 6” fe! 4’ 6” or 4” 6” vast 4’ 6” 
Winter | | } 
Dec....| 32.28] 33.03] 33.73) 30.23) 31.81) 32.77 32.54|°33.56| 33.83) 32.29) 32.96) 33.72/33.30)34.04 35.35 21.6 
Jan....| 31.81) 32.30| 32.65) 30.59 31.28) 31.96| 31.28) 32.05) 32.02) 31.87) 32.03) 32.46/32.05/31.93 32.58 20.4 
Feb.... 32.21) 32.74| 32.96} 32.19) 32.73 33.13) 31.49 32.13} 31.95) 32.11) 32.31) 32.73)31.93/31.74/32.40 29.4 
POS ae Tem ee sale Re |e ee a pase : a Ss 
| 


| 

| 
Ave....| 32.10, 32.69| 33.11, 31.00 31.94) 32.62) 31.77, 32.58 32.60 32.08 32.43) 32.97 32.43|32.57 33.44 23.80 
| [estar fe | 


ar...| 34.33) 34.37| 34.28] 34.34) 34.48] 34.64] 33.27) 33.89] 33.47) 33.86] 33.74] 33.88/31.86/31.59/32.23/30.1 
Apr....| 56.16) 54.82) 52.95) 56.22) 54.36) 53.60) 55.25 52.95; 50.10) 54.41 52.03) 50.69 49.90/46.59 45.80/51.6 
May...| 58.54 57.77| 56.76] 58.74) 58.11] 56.78) 56.96) 56.37) 54.34) 57.39) 55.31) 54.92 56.69)54.97 54.43/51.5 

| | | | 


Ave....| 49.68 48.99 48.00 49.77 48.98) 48.34| 48.49 47.74) 45.97 48.55) 47.03) 46.50 46.15/44.38 44.17/44.40 


| 
| 
| 


Jun....! 69.78 67.92| 66.79} 69.98| 68.55] 67.22} 67.86 66.42| 63.79 67.84) 65.46) 64.45 67.53/64. 65 63.65/61.0 

July...| 75.70! 74.18) 72.70) 76.18 74.96) 73.69) 73.41, 72.82) 70.12) 74.39) 71.55) 71.04/74.20)71.51/70.16/67.9 

Aug....| 70.50) 69.45) 68.58, 70.80) 70.00) 69.26 68.54) 68.06) 66.28 69.44! 68.17) 67.38 69.42|67.50/67.28/63.4 
| } | 


| | 
Ave....| 71.99 70.52 69.36 72.32 71.17) 70.06} 69.94) 69.10) 66.73 70.56 68.39) 67.62,70.38/67.89 67.03|64.10 
| ~ | | 


| 
| 


Autumn | | 
Sept...| 67.67) 66.74| 65.78) 68.23) 67.41] 66.73) 67.22) 65.90] 63.94 66.67! 65.47) 64.58) 
Oct....| 53.66) 53.65) 53.16) 54.13) 53.97] 53.61) 53 38) 52.78) 51.58) 52.88) 52.34) 51.97/52. 
Nov...| 41.37) 41.67) 41.87) 41.14) 41.52] 41.91) 40.95) 41.45) 41.25) 41.07) 41.18) 41.58 


} 


or 
ne) 
a} 
roe 
eo 
S22 
ae 
CO 
or 
fae 
© 00 
we Ord 
WA 
om 
comb 


Ave....| 54.23 54.02 53.60 54.50) 54.30) 54.08 53.85 53.38) 52.26 53.54) 53.00 52.71 53.44 52.31 52.75|51.37 


| | } 
| | | 
Yr. ave...| 52.00 51.56) 51.02 51 -90) 51.60) 51.28) 51.01) 50.70) 49.39 51.17) 50.21) 49.95 50.60/49.29 49.35/45.92 


An examination of the foregoing tables shows the following most im- 
portant facts: (1)In all three years the highest seasonal average tem- 
perature occurred in the summer, a slightly lower in the spring and 
autumn and the lowest in the winter. The fall temperature was slightly 
higher than that of the spring. (2) In all the four seasons there was 
a greater or less gradient of temperature at the various depths. Dur- 
ing the seasons of spring, summer and fall this gradient diminished with 
increase in depth but in the winter the reverse was true. (3) The mag- 
nitude of the yearly average temperature was practically the same for 
all types of soil and equal at all three depths, i. e., the upper 18-inch 
layer of the different types of soil had practically the same magnitude 
of yearly average temperature. (4) The average air temperature was 
more or less lower than that of all the soils at any depth in all four 
seasons. 


733 STATE BOARD OF AGRICULTURE. 


SEASONAL AND YEARLY MAXIMUM, MINIMUM, AND AMPLITUDE OF 
“TRMPERATURE. 


Of equal interest and importance as the average seasonal and yearly 
average temperature, is the seasonal, yearly maximum, minimum, and 
amplitude of temperature of the various soils. These data are contained 
in Tables 80, 81 and 82 for the three years, respectively. 
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TABLE 80.—MONTHLY, SEASONAL AND YEARLY MAXIMUM, MINIMUM AND AMPLITUDE OF TEMPER.- 
ATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND. 


Gravel. Sand. Loam. Clay. Peat. Air. 
1912-1913. — —— -—— — —|———_ 
BGP 2 ABs Gr ie t2% PASE Gee 12% | T8e |) Gre 12% | 18" 6" |) 12" 18” 
Winter | 
Max... .|33.98135.08/37.08|34. 15/35. 42/37. 58/33. 80|36.05|37.89|34.06/36.02/37.34/34.12/35.93|/38.54/38.1 
Deez. Fi Min... .|32.98/34.34/36.55}32.98/34. 65|37.07/33.12|35.51|37.48/33.27|35. 49/36. 90'33.58/35.51/38. 18|23.9 
LDTtieeeee 1.00) 0.74) 0.53) 1.17! 0.77] 0.51] 0.68) 0.54} 0.41) 0.79) 0.53) 0.44) 0.54! 0.42! 0.36)14.2 
{ Max 32.58|/33.56/35.00/32. 30/33.56|35. 19/31.80|33.81/35.33/32. 34/33. 98/35.08 31.93|33.53 35.93|34.2 
ss Min. 32.20/33. 20/34. 64/31.94/33.24/34.89|31.47/33.49/35.03/32.01/33. 64/34. 78/31. 62/33. 20/35. 62)18.2 
eDifiyc. 0.38) 0.36) 0.36) 0.36) 0.32) 0.30] 0.33} 0.32) 0.30) 0.33) 0.34] 0.30) 0.31) 0.33) 0.31/16.0 
{ Feb)t2..7 29.35/30. 13/31.88/28.97/30.36/32.28)28. 75/31. 13/32. 76|29.03/31.01/32.20)28.48/30.99/33.51/27.9 
Feb...... { Min... .|27.77|29.30/31.50|26.59)29.58)/31.90]27.84/30.77/32.32/28. 14/30.58/31.77/26.98|30.56|33.09|12.1 
Diffs: 1.58) 0.83) 0.38) 2.38) 0.78) 0.38) 0.91) 0.36) 0.44) 0.89! 0.43) 0.43) 1.50) 0.43) 0.42/15.8 
Max... ./31.97/32.92/34.65/31.81/33.11/35.02/31.45/33.66/35.33/31.21/33.67/34.87|31.51/33.48/35.99/33.40 
Seasonal.. { Min 30.98/32. 28) 34.23|30.50/32.49/34.62/30.21/33.26/34.94/31.14/33. 24/34. 48/30. 73 33.09|35.63/18.07 
Diff.cc.2 0.99) 0.64) 0.42) 1.31) 0.62) 0.40] 0.64) 0.40) 0.39) 0.67) 0.43) 0.39) 0.78) 0.39) 0.36/15.33 
Spring ea Cet 
{ Max 34.98/34.30/34.06/34.81/34.08/34.13|32.61/31.73/32.65/33.48/32.45/32.77/31.54|31.52/33.08/41.6 
Mars <7 1 Min..... 33. 29/33.41/33.52/32.91/33.17/33.54/31.66/31.40|32.26,32.49|/32.05/32.39|/31.14/31.13|32.74/20.5 
Diffie. 1.69} 0.89) 0.54} 1.90) 0.91) 0.59) 0.95) 0.83) 0.39) 0.99) 0.40! 0.38) 0.40) 0.39] 0.34/21.1 
{ Max 53.28/47.52/44.80/53.31/46.92/44.56/50.16/44.28/42 82/49 42/44 55/4352 40.70|37.35 39.43/56.6 
Apres ioe Min 43 .39|44.77|43.98/42.86|44 27/43.75|42 93/43 44/42 30/43.60/43.73)42.95 38 .78/36.80/38.82)35.2 
UDifiase 9.89) 2.75! 0.82/10.45| 2.65] 0.81] 7.23} 0.84} 0.52) 5.82! 0.82) 0.57] 1.92) 0.55} 0.61/21.4 
i Ae .|66.01)60.02/57. 17,66.32/59.77/56.26/63.53/57. 22/54. 60)62.31 57.00)55.31|59.73)55.85|54.34]67.2 
May..... Min 54.88|56.35/55.72|53.97|55.83)/55. 12|55.41/56. 10/54. 15/54.91/55. 66154. 79/56. 92|55.38|54.08/45.1 
Webi : 2 11.13) 3.67) 1.45)12.35) 3.94] 1.14] 8.12] 1.12} 0.45) 7.40) 1.34] 0.52) 2.81) 0.47] 0.26/22.1 
{ Max... .|51.42/47.28/45.34|51.48/46.92/44.98|48.77|44.41|43.36|48.40|44.67/43.87/43.99 41 .57/42.28/55.13 
Seasonal.. { Min... .|43.85|44.84/44.41/43.25/44.42|44,14|43.33/43.65/42.90|43.67/43.81/43.38/42.28 41.10/41.88/33.60 
VDI 32.2 7.57) 2.44) 0.93) 8.23) 2.56) 0.84) 5.44) 0.76) 0.46) 4.73) 0.86) 0.49) 1.71) 0.47; 0.40\21.53 
Summer 
las .|82.17/74.71|70.68|80.80|73 .54| 67.96/80. 15/70. 60\66.07)/78.59|70.24|66.78|73 .24|67.03|64.77/81.5 
UNE ee Min. 67.54)68.98 68.16/66. 13) 68.03/66.59/68.62/68.89/65.70|66.92|67 .65|66.20|69.05|66.67|64.38/53.7 
eDilte 14.63) 5.73) 2.52)14.67| 5.51) 1.37|11.53) 1.71) 0.37/11.67) 2.59) 0.58! 4.19) 0.36! 0.39/27.8 
Max... .|85.15/78.77|75.83/83.65|77 . 85/73 .87|83. 12/75. 85/72.80|81.55|75.09|73.14|77.85|73.99/72.09|83.0 
July... Min 72.08|74.02|73.74|70.10|73.06)72.68|73.29|74.51|72.29|71.69)73.24|72.50|73.98|73.50/71.82|58.5 
IDI ig age 13.07) 4.75} 2.09)13.551 4.79] 1.19) 9.83} 1.34) 0.51) 9.86! 1.85] 0.64) 3.87| 0.49| 0.27/24.5 
a i | | Sa | | 
{ Max 82.05/76.41|74.07|82.16|76.46/73.08|80.20|74.18|72.22/79.12|73.41|72.41/76. 65/73.87|72.62/81.1 
IAN st \ Min 69.55/72. 13|72.38/67.72|71.67/71.90|70.92|72.83|71.53|69.95}71.81|71.68|72.82)73.22)/72.27|57.6 
(aDiff? 25-5 12.50) 4.28} 1.69)14.44) 4.79] 1.18) 9.28) 1.35) 0.69} 9.17] 1.60} 0.73| 3.83] 0.65| 0.35/23.5 
{ Max 83.12/76.63)73.52/82.20|75.95|71.64/81.16|73.54 70.36|79.75|72.91'70.78/75.91 71 .63\69.83|81.87 
Seasonal. { Min 69.72|71.71|71.43|67.98|70.92|70.39|70.94/72.08 69.84|69.52|70.90/70.13|71.95|71.13|/69.49|56.60 
(Diffs 13.40) 4.92) 2.09)14.22) 5.03) 1.29/10.22) 1.46) 0.52)10.23) 2.01) 0.65) 3.96) 0.50) 0.34/25.27 
Autumn: | fon | 
{ Max... .|71.11/67.57|66.22|71.02|67.42/65.85|69.55/65.89|65.27|69. 15|65.27|65.49/67.30|65.95|65.87|73.3 
Sept... , Min. 61.41/64. 05/64. 74)/60.40)63.70|64.85)62.25/64.78/64.66/61.72/63.78)/64.81/64.04/65.30/65.51/48.7 
Wb ifta ee 9.70| 3.52, 1.48)10.62| 3.72] 1.00} 7.30) 1.11) 0.61, 7.43] 1.49] 0.68) 3.26) 0.65) 0.36/24.6 
({ Max 55.51|54.96/55.01/55.44/55.09/55.47|54.71 54..56)55.35 54.83|53.52|55.41 54.24155.16 56.63/59.0 
Octie Bie 50.15)52.82/53.94/49.25|52.63/54.64/50.74/53.58/54.81/50.89/52.03/54.85/52.21/54.60/56.14/41.5 
Diffse4 5.36] 2.14) 1.07| 6 19) 2.46) 0.83] 3.97) 0.98) 0.54) 3.94; 1.49] 0.56) 2.03) 0.56) 0.49/17.5 
{ Max 43.63/43 .57/43 80/43 .70|43.88/44.82/43.25 43.64/44. 62 43.65/43 .28/44.77/42.56/43.69|45.68|49.0 
NOY 24-3 Min 40.46/42 .38)42.87|/40.12/42.26/44. 10|40.84/42.82/44.04/41.20/42.02/44.13 41.44/43. 14/45 .28/34.4 
WDifts 2 3.17) 1.19} 0.93) 3.58} 1.62] 0.72} 2.41) 0.82) 0.58] 2.45] 1.26] 0 64] 1.12) 0.55] 0.40/14.6 
{ Max. 56.75/55.37/55.01/56.72/55.46/55.38/55.84/54.70/55.08/55.88/54.02/55.22/54.7054.93|56.06|60.43 
Seasonal... / Min. . . .|50.67/53.08/53.85/49.92/52.86/54.53/51 .28/53.73 54.50/51.27/52.61/54.60/52.56 54.35/55.64/41.53 
UDI S34: 5.08! 2.29) 1.16] 6. 6.80 Zi 2.60 0.85) 4.56) 0.97; 0.58) 4.61) 1.41) 0.62) 2.14 0.58) 0.42)18.90 
{ Max.. .|55,82/53.05/52.13)55.55, 52.86 86 51.76 76|54.31 54.31/51 .58 51.03/53.96 51.32/51.19/51.53 50.40 40. BiG 51.04 57.71 
Yearly... / Min. . - 43.91/50. 48150. 98 47. “91/50. 17)50.92)/49.03 £0.68)50.°5|/43.90,50.14/£0.65/49.38 43. $2'50.€6|27.45 
RES hee 7a0h) 257) ets 7a) 2.88; 0.34) 5 22 0.90| 0. 48) 5 05) 1 18) 0.54) 2.15 0.48 0.38/20.26 
| 1 


790 


STATE BOARD OF AGRICULTURE. 


TABLE 81.—MONTHLY SEASONAL AND YEARLY MAXIMUM, MINIMUM AND AMPLITUDE OF TEMPER- 
ATURE OF DIFFERENT TYPES OF SOIL, COVERED WITH SAND. 


Grave. Sand. Loam. Clay. Peat. Air. 
1913-1914. aed Bs 
6” | 12° | 18°] 6” | 12° | 18" | 6” 18” | 6” | 12” | 18° | 6” | 12" | 18° 
Winter 
Max. .. .(36.75]38.34]39.32/36. 42138. 52/40. 70/36. 67139. 05/40. 83|37.02/38. 91140. 64137.48]39.94/42. 26/39.1 
Beare Min. .. .|35.67|37. 68]38.83|35.06137. 84]40. 18]35.91|38. 60]40. 41/36. 23]38.39|40.20136.71139.55/41 .86|24.6 
| Diff 1.08] 0.66] 0.49] 1.36] 0.68] 0.52] 0.76| 0.45] 0.42] 0 79] 0.52] 0.44] 0.77| 0.39] 0.40]14.5 
Max. .. .133.87]34.98]35. 63133. 56/35. 01/36.49133 24134, 90/36. 27/34.09135. 30136. 39]33.17/34.85136.97133.5 
Jan...... Min. . . .133.55]34.64]35.35(33. 22134. 69|36.28|32. 80134.71|36. 14|33. 76134. 99136. 21133 00/34. 68|36.83|20.5 
| Diff 0.321 0.34] 0.28] 0.34] 0.32] 0.21] 0.33] 0.19} 0.13] 0.33] 0.31] 0.18} 0.17] 0.17] 0.14]13.0 
(Max... .[33.59}34.69135.36/32.95134.52136.07]33. 27/34. 91136. 06133.89]35.07/36. 10133.55134.90136.74|23.5 
Fabs... Min... .{33.33]34.41]35.05(32 63/34. 25/35 .79132. 99134. 61135. 76/33. 63134. 78135. 78|33.33134.63136.44] 1.9 
Diff 0.26) 0.28} 0.31] 0.32] 0.27] 0.28] 0.28 30} 0.26] 0.29] 0.32] 0.22] 0.27] 0.30]21.6 
Max... ./34.74138.00|36.77|34.31136.02|37.75|34. 39136. 29137.72|35. 0C|36.43137.71|34.73|36.56|38.6€|32. 03 
Seasonal..{ Min... |34.18]35.58/36.41|33.64|35.59/37.42|33.93135.97137.44|34. 54136. 0£/37.40|34.35136.27|38.38|15.67 
Diff 0.5€| 0.42] 0.36] 0.67] 0.42] 0.33] 0.4€| 0.32] 0.28] 0.46] 0.3€| 0.31] 0.38| 0.29) 0.28|16.36 
Spring: We te ae ee FS 
Max. .. .|37.35]36.93/36.71|37. 10/36. 74|36.77|36. 35136. 17|36.43|36.97136.36136.74|33.77/34.61136.19139.7 
Mar..... Min. ._|34.84]35.71/36.07|34. 23/35 48/36.35134.58135.75|36.10/35.19135.74|36.41|33.44134. 35135. 90]22.5 
| Diff 2.51] 1.22] 0.64] 2.87] 1.26] 0.42] 1.77| 0.42] 0.33] 1.78| 0.62] 0.33] 0.33] 0.26] 0.29]17.2 
Max... .150.26/47.17/45.52151.19/47.39/44.91148. 66/45. 18/43 43/48. 42145.08]44.00/46.02143.41143.02155.2 
Apr...... 2 Min... /43.10/44.27|44.10]42. 63[44.09143. 88143 .68]4 3.04]413.49]43. 88/43 48/43.94142. 97142. 67134.2 
| Diff 7.16] 2.90] 1.42] 8.56| 3.30] 0.93] 4.98 0.39] 4.93] 1.20] 0.52| 2.08] 0.44] 0.35]21.0 
Max. .. .}64.42/59.67/57.31165.80]59.88/56.14163. 19157.49]54.64/63.50157.45155.75|61.25/56.68155.05|70.6 
May..... Min... |54.75)56.13]55.74|53.77155.76|35.09(55.95156.35/54.18/35.97|56.02135.23(57.81/56.18|54. 62146.5 
Diff. 9.67| 3.54] 1.57/12.03] 4.12] 1.05] 7.23 0.4€] 7.53| 1.43] 0.52] 3.44] 0.50] 0.43/24.1 
Max... .|50.68|47.92/46.51/51.36148. 00/45.91/49.40|46. 28/44. 83/49.62|48.30145.50/47.01/44.90/44.75/55.17 
Seasonal ./ Min... |44.23/45.37|45.30]43.54|45.11145.11]44.74|45.41/44.44|44.88/45.21|45.04|45.0¢|44.50/44. 40134.40 
Diff €.45| 2.55! 1.21| 7.82] 2.78] 0.80| 4.66] 0.87| 6.39 4.75| 1.09] 0.46] 1.95| 0.40] 0.35|20.77 
Summer 4 t reo ; 
(Max... .|76.83/71.01169.19|77. 19/71 /36|67.73]76.03|69. 68166.2°175.78]69.22/67.57|75.08]69.93]67.44|77. 6 
June...../ Min... .|66.19]67.94]67.58/65.02|67.27]66.55/67.99|68.36165.67/67.72|67.58166.87|70.84|69.22/67.06|54.3 
| Diff... .|10.64] 3.07] 1.61/12.17| 4.09] 1.18] 8.04] 1. 61| 8.0¢| 1.64] 0.80] 4.24] 0.71] 0.38/23.3 
{ Max. .. .]80.74]75.89|73.50]80.58175.84|72.11]80.02173.90/70.36]79.42173. 00|71.56179.67|74.33171.92)83.0 
July..... 4 Min... _|70.88|72.25|71.86]69.33|71.86|70.90]72.47|72.58|69.94171.90|71.45|71 .02|75.39]73.81]71.56|59.0 
| Diff 9.86| 3.61] 1.64/11.25| 3.98] 1.21] 7.56 ‘491 7.52| 1.55] 0.54| 4.28] 0.52] 0.36]24.0 
(Max... .78.00174.07]72.41|77.89|73.90]71.57|77.48|72.73|70.59|76.64|71.83171.53|76.20]73. 48|72.30/$1.0 
Aug..... { Min... .168.81|70.78|70.99]67.36]70.26/70.57|70.24]71.60|70.08/69.62170.44|70.84|72.56|72.85172.00157.0 
| Diff 9.19| 3.29] 1.42|10.52| 3.64] 1.00] 7.24] 1.12] 0.51] 7.02] 1.39] 0.6¢] 3.64] 0.63] 0.30/24.0 
(Max... .|78.52/73.66|71.70|78.5&|73.7¢|70.47|77.85|72. 10/69. 0€|77. 28 |71..3£|70.22|76.98|72. 56170.5¢ [20.53 
Seaconal.. Min... .|68.63|70.33|70.14|87.24|69.80|89.34|70.22|70.e¢ |68.5€|6¢.7£|69.87169. 56|72.93|71 .9€|70.21|56.77 
Diff 9.89] 3.33| 1.5€|11.31] 4.90| 1.13] 7.62] 1.25] 0.52] 7.53] 1.53] 0.64] 4.05 0.62| 0.34|23.76 
Autumn: ; ra = if 
( Max... .168.07/65.43164.59]68. 14/65. 61164. 56]67.52|64. 61/63. 76167.22]64.19/64.48|66 21165. 14]65.25172.0 
Sept... Min. .. .|59.75]62_40|63.20157.86|62.02|63.50/61.12163.46|63.17/60.92162.87|u3.66|62.99|64.56164.84148.0 
Diff 8.392] 3.03] 1.3910.28| 3.59] 1.06] 6.40| 1.12] 0.59] 6.30] 1.32] 0.82) 3.22] 0.59] 0.41]24.0 
Max... .158.71157.76/57.74|58. 60[57.8C]57.81|58.08]57.22|37.34/58.37157.06|57.97|57.78|58.17|59. 21165.0 
Deis Min. |. 152_96[55.18|56.36]52. 05/55. 05/56.90(53. 79156. 21/56. 84/53.86155.90157.22|55.52/57.42(58.86|44.0 
Dif... 5.75] 2.58] 1.38| 6.57] 2.751 0.91] 4.26] 1.01] 0.5c] 4.51] 1.16] 0.74] 2.26! 0.75] 0.35]21.0 
(Max... .140.5€]41.69| 42.57/39. 50/41. 90] 43.82]40.57]42.23/43.84]41.08]42. 26/44. 09/40. 44/43. 13[45.85147.0 
Nov..... Min... 138.0040. 36/41. 78137, 06|40.44| 43. 15138. 68]41 55/43 37/39. 10]41.47143.57|39.36| 42. 74/45.43|28.0 
Dif 2_5€| 1.32] 0.79] 2.44] 1.46] 0.67] 1.86] 0.68] 0.47] 1.98] 0.81] 0.52) 1.08] 0.39] 0.42119.0 
Max... ./55.78154.96|54.97|55. 41/55. 10/55.40|55. 39/54, 6¢/54. 96155. 5¢|54.50/55.51154.81155.42156.77|61.33 
Seasonal../ Min. . ..|50.24|52.65|53.78|48.99|52.50|54.52/51.20/53.41|54.4€|51.29|53.41154.82152.62|54.90)56.3€/40.00 
Diff... 5.54] 2.31] 1.19] 6.42| 2.60| 0.86] 4.19] 1.28] 0.52] 4.27| 1.02] 0.69] 2.19] 0.58] 0.39|21.33 
(Max... |54.93|53.14|52.49154.91|53. 21152. 36 |54.26152.34/51.65/54.37152.15|52. 24193, 36/52. 36/52. 6€|58. 27 
Yearly... 4 Min... _|49.37/50.9¢ 151.47 [48.3 |49.7£ (51 .€C|£0.02|51 .41|31.22|20.12151.12|o1 71/31 .24(51 91152. 34136. 71 
| Dit... | 5.59] 2.1€] 1.0€] $.56] 3.46] 0.7€| 4.23] 0.93] 0.42| 4.2£| 1.03] 0.53] 2.14] 0.47| 0.34]21.56 
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TABLE 82.—MONTHLY, SEASONAL, AND YEARLY MAXIMUM, MINIMUM AND AMPLITUDE OF TEMPER- 
ATURE OF DIFFERENT TYPES OF SOIL, NOT COVERED WITH SAND. 


Gravel. Sand. Loam. Clay. Peat. Air. 
1914-1915. 5 ee | | pees 
= 4’ 6” a 4’ 6” pd 4” G7 2" 4” 6” z= | ar. len 
Winter | 
Max. .. .|33.02/33.57|33.96|31.58/32.31/33 .36/32.79/33.74)34.06/32.80/33. 21/33 .89|33.55|34.18)35.55 28.0 
Dees sas Min. . . .|31.55|32.78133.53|29.20/30.99/32. 76/31. 99/33 .38|33 .69 31.74/32. 75| 33.59/33.10/33.92/35.25/15.0 
Diff... 1.47) 0.79| 0.43) 2.38] 1.32) 0.60} 0.80) 0.36) 0.37; 1.06} 0. 46) 0.30) 0.45! 0.26) 0.30/13.0 
{Mar- ... (31.91/32 .38/32.73/30.86/31.47/32.07/31.39)/32.13 32.10/31.95/32.15/32.53/32. 12/32.03/32.68/28.0 
Jand.- 2: Min... . |31.72/32.20/32.56/30.38/31.13/31.84/31.21/31.97|31.94/31.79 31.94/32.39|31.99/31.84/32.52/12.9 
LD igaes 0.19) 0.18] 0.17) 0.48; 0.34] 0.23} 0.18) 0.16} 0.16) 0.16] 0.21) 0.14] 0.13) 0.19) 0.16)15.1 
Max. ...}32. 76/33 .01/33. 13/32. 86/33 .13 33. 40|31.82 32.26|/32.08 32.49 32.48/32.87 32.20/31 .83/32.47)\36.2 
Feb...... Min. . . .|31.43/32.41/32.80/31.14/32.23/32.88/31.06/32.02/31.86/31. 66/32. 16/32. 62/31 .56/31.65 32.35) 22 5 
iDN impart 1.33] 0.60] 0.33} 1.72] 0.90) 0.52) 0.76} 0.24] 0.22) 0.83) 0.32] 0.25) 0.64| 0.18) 0.12/13.7 
Max. . . . |32.56/32.99/33.27/31.77|32.30/32.94|32.00|32.71|32.75 32.41 |32.61/33.10/32.62 32.68/33. 57 30. 73 
Seasonal.. { Min. . . .|31.57/32.46|32.94/30. 24/31.45|32.49|31 .42/32.46|32.50 31.73/32. 26/32.87 32.22|/32.49)33.37 16.80 
Diffisz2e: 0.99} 0.53) 0.33! 1.53) 0.85) 0.45) 0.58) 0.25) 0.25 0.68) 0.35) 0.23) 0.40) 0 19) 0.20:13.93 
Spring: a 
Max... ./37.01|36. 64/36.29/36.92/36.99/36.81/35. 28/35. 28/34.38 35.70/35.14/34. 80}32.29 31.82)32.32)39.6 
Mar..... Min. . . .|30.48}32.06|/32.90/30.50)/32.07/33.18)31.24/33.01|32.91 31.74/32.71/33.31| 131.36/31.43|/32.16\20.6 
LOT eRe 6.53| 4.58 tie 6.42] 4.92) 3.63) 4.04) 2.27) 1.47) 3.96) 2.43) 1. 49) 0.93) 0.39) 0.1619.0 
[Mr ... |63.56)60.20/57. 69, 63.46) 60.85/58. 63/61.36/57.48/53.22 59.81/56 .42 53.97/53.88 48.78|46.70 63.0 
BDESceae Min. .. . |45.63|46.45/47.34. 45. 38146.02/47.11/45.99|47.55/47.51 45.88|46.62/47.99/44.63/44.38)45.15 40.1 
yl Bi oe 17.93]13.75|10.35|18.08|14.83/11.52)15.37| 9.93! 5.7113.93| 9.80) 5.98) 9.25) 4.40 1.55|22.9 


Max. .. . /65.18]62.45/61.09/65.80/63.54)61.96/62.63)60.36|57.00 62.09/59. 15,57. 79 61.44/58.22/55.65)62.3 
May..... Min. . . . (48.42/49. 67|51.00|47.86/48.66|50.25/48.41)50.98/51.65/48.94/49.75/51.69/48.93|51.43/53.71/40.7 


Diff..... 16.76)12.78|10.09)17,94|14.88 11.71)14.22 9.38) 5.35/13.15) 9.40) 6.10)12.51| 6.79) 1.94/21.6 
Max... . /55.28/53.10/51.69/55.39/53.79/52.47|/53.03/51 .04/48.20 52.53|50.24|48.85 49.20/46.27 44.90 54.97 
Seasonal.. 1 Min. . . .|41.51/42.73/43.75/41.25/42.25/43.52/41.88/43.85|44.03 42.19/43. 03/44.33/41.63/42.42/43.67 33.€0 
Dik te. 13.77|10.37| 7.94|14.14]11.54| 8.95111.21| 7.19} 4.17/10.34) 7.21) 4.52) 7.57) 3.85) 1.23/21.17 
Summer i | cE 
[Mer ...|77.73}73.87|71.27|78. 25/75 40/73. 10/74 .40|71.26 66.82/73 .86 70.19|67.73|73.95'68.33|65.07|72.7 
June’. 2 Min. . . .|57.61/57.90|59.84/56.73/57.35/59.01|57.07|59.93|60.72/57.82/58.78|60.88|57.42/60.36/62.67/49.3 
Difis ose 20.12)15.97)11.43)21.52 18.05|14.09 17.33)11.33 6.10|16.04 11.41) 6.85|16.53| 8.02) 2.40/23.4 
Max... ./83.29|80.19|77.41|84.41 81.91179.45 79.80|77 .50 73 .27|80.54|76.36|74.47|80.52!75.28|71.62|77.9 
atl yerrae Min. . . . 63.88/64 .84/66.18|63.54|64.07\65.56/62.73/66.42/66.91/65.03|64.86/67.28| 64.24|67.07'69.10|57.9 
Diffs 27. 19.41)15.35111.23/20.87/16.84/13.89|17.07|11.08] 6.36/15.51,11.50| 7.19)16.28) 8.21 2.52/20.0 
ler ...|76.90)|74.07/72.42 78.01'75.48 73.94|73 .57\71.84|68.75\74.32172.00 70.14)74.74 70 .92)|68.45|73.3 
* AUZs. 2: Min... ./60.42/61:76|/63.61/59.41 60.65/62.75/59.79| 63.12/64.03 60.95|62.84)64.63/60.34/64.17|/66.18 53.6 


Diffs..:5- 16.48/12.31| $.81/18.60|14.83)11.19|13.78| 8.72| 4.72/13.37| 9.16] 5.51/14.40) 6.75) 2.27|19.7 
Max... ./79.31 \76.04|73.70|80.22 77.60|75.50\75.92|73.53/69.61 76.24|72.85|70.78| 76.40/71 .53/68.38 74.63 
Seasonal.. } Min. . . . |60.64|61.50/€3.21/59.89 60.69 62.44/59. 86/63.16 63.89 61.27/62.16)64.26|60.67/63.53/65.98/53.60 
Diff..... 18.67|14.54/10.49/20.33 16.91|13.06/16.06 10.37, 5.72/14.97 10.69 69) 6.52/15.73| 8.00, 2.40/21.03 


| 
{ Max....|74.95|71.50/69.71|76.52)73.53/71.62!73.00|69.93 66.70|71.97|69.30|67.45/72.35/68.12/65.84/73.8 


Sept..... Dit, *”"157.44|58.85/60.48(56.57 57.88/59. 78|58.02/60.48/61.36 58. 12/60.01/61.61/57.76/61.17/63.52|52.6 
Diff..... 17.51}12.65| 9.23 19.95 | 15.65 11.84]14.98] 9.45) 5.34/13.85| 9.29) 5.84)14.59) 6.95) 2.32/21.2 


| Mi. ...|59.58|56. 98/56. 19/60.40/58. 18/57. 15)57.57/55.82/53.86 56.71)55.00/54.17|56.73|/54.18 52.85 61.2 


Min... .|47.15/48.05/49.34/46.17/47.14/48.57|47.01|48.83/49 57/47.21/48.55/49.79/46.46/49 03 51.13/41.0 
Dif 5.5 12.43) 8.93) 6.85|14.23/11.04| 8.58)10.56) 6.99) 3.29) 9.50) 6.45) 4.38)10.27) 5.15) 1.72|20.2 


eos Min. . . ./38.20/39.00/40. 15/37. 16'38.29 39.73/37. 78/39.64/40.35/38.03|39.44/40.54/37.91/39.82)/41.42/32.1 
Diffr so: | 6.22] 4.42| 3.10] 7.43) 4.49] 3.92) 5.40) 3.25) 1.99) 5.34] 3.22) 2.21) 4.44) 2.06) 1.06)15.3 


- | Mi: _. 44.42/43. 42|43.25/44.59/42.78|43. 65/43. 18|42.89/42.34 43.37/42. 66/42. 75/42.35/41.88/42. 48, 47.4 
Ov 


Max. ... 59.65/57.30/56.38/60.50 58.16 57.47/57.92 56.21 54.30 57.35/55.65/54.79/57.14 54.73 53.72/60.80 

Seasonal.. } Min... . 47.60/48.63/49.99 46.63 47.77 49.36 47.60/49.65 50.43 47.79/49.33/50.61 47.38/50.01/52.02/41.90 
Bitte \12.05| 8.€7) 6.39 13.87 10.33 8.11|10.32) 6.56) 3.87, 9.56) 6.32) 4.18) 9.76] 4.72| 1.70/18.90 

{ Max... bars 54.86/53.76/56.97 55.46 54.60|54.73 53.37\£1.22 54.63|52.86/51.88/53.84 51.30/50. 14 55.28 

Yearly... / Min... 15.33)16.33/47.47/44.50 45.54 46.95}45.19/47.28|47.71/45.75/46.70/48.02/45.48/47.11/48.76 36.53 
| Diff.....] tw -37| 8.52) 6.22/12.47 9.92 7.65 9.54) 6.09 a 8.88] 6.16) 3.8€) 8.36; 4.19) 1.38/18.75 
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The principal facts revealed by the preceding tables may be summarized 
as follows: (1) Tie highest seasonal amplitude occurred in the summer, 
the smallest in the winter and an intermediate between these two in the 
spring and autumn. The magnitude of the spring and fall fluctuation 
was about equal and only about half as great as that of the summer; 
while, the yearly average amplitude was equal in magnitude to that of 
the spring or fall. (2) The amplitude of the air was far greater than 
that of any soil at any depth. 


ADDITIONAL EXPERIMENTAL DATA ON THE TEMPERATURE 
OF SAND WITH DIFFERENT AMOUNTS OF ORGANIC MAT- 
TER, AT VARIOUS DEPTHS FOR 1913, 1914, AND 1915. 


PLAN OF THE EXPERIMENT. 


Organic matter possesses two physical properties which exert a very 
marked influence upon soil temperature. These are color and water- 
holding capacity. The soils with the largest amount of organic matter 
will have the darkest color. Since dark color possesses the highest ab- 
sorbing capacity for heat these soils will tend to be much warmer, dur- 
ing the insolation, than the light colored soils, which reflect a large 
amount of the solar rays. On the other hand, the soils with the greatest 
organic matter content will carry also the highest amount of water and 
water possessing such great specific heat, latent heat of evaporation, and 
other properties, will tend to keep the temperatuce of these soils low. 

It was in order to ascertain to what extent these two physical proper- 
ties of the organic matter would oppose each other and which one would 
predominate, that the following experiment was undertaken. It con- 
sisted of measuring the temperature of a soil to which was added dif- 
ferent amounts of organic matter (peat). It was prepared by making 
a long trench over 3 feet deep and 3 feet wide, placing in it, about a 
foot apart, wooden boxes 3x38x3 feet without bottom and top and filling 
them with a sandy soil. The soils of the upper 24 inches were then taken 
out from all the boxes, except one, each soil was thoroughly mixed with 
the proper amount of peat, and then placed back into its respective box. 
There were six boxes, one containing soil to which was added no peat, 
another contained only peat, and the other four had soil with various 
proportions of peat. The percentage of total organic matter of the 
various soils, except peat, as determined by the ignition method is shown 
by the following figures: 1.81, 2.01, 3.32, 5.47, and 6.95%. ‘To the soil 
showing 1.81% organic matter no peat was added. This amount of or- 
ganic matter, therefore, was originally present in the soil. This untreat- 
ed soil was covered with a thin layer of white quartz sand so as to give 
it a distinct white color. The color of the various soils, therefore, ranged 
from very white to very black. 

The temperature was measured in all the soils at two different depths 
every day except Sunday for almost four years. It was recorded by 
means of the electric thermometers already described. During the years 
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of 1912, 1913, and 1914 it was measured at the depths of 5 and 18 inches, 
but during 1915, at 3 and 6 inches. All the records were made three 
times a day, morning, noon and evening. The time, however, was so 
chosen and varied during the different seasons as to obtain very close 
the actual maximum and minimum temperature. 

The data for the first year (1912) has been published in the previous 
report. In the present paper the results of the other three years will be 
presented. 

On account of limited space the daily average, maximum and minimuin 
temperature have been eliminated and only the monthly, seasonal and 
yearly will be presented here. These data are submitted in the following 


pages. 
MONTHLY, SEASONAL AND YEARLY AVERAGE TEMPERATURE FOR’ 1913, 1914 AND 1915. 


TABLE 83—MONTHLY, SEASONAL, AND YEARLY AVERAGE TEMPERATURE OF SOIL WITH DIFFERENT 
AMOUNTS OF ORGANIC MATTER. 


1.81% 2.01% 3.382% 5.47% 6.95% res 
Org. Mat. Org. Mat. Org. Mat. Org. Mat. Org. Mat. Peat. | Air. 
CS YG , — =i 
AG 18” ae 18” 5" 18” 5% 18” He 18” ae 18” 
| 
eee es a = ree — 
Winter: | ; 
December. .| 31.81 | 35.42 | 32.87 | 36:50 | 32.99 | 37.00 | 33.25 | 37.00 | 33.43 | 37.17 | 34.18 | 38.13 | 31.0 
January....| 30.68 | 33.58 | 31.54 | 34.46 | 31.75 | 34.95 | 32.00 | 34.95 | 31.99 | 35.02 | 32.18 | 35.71 | 26.2 
February...| 26.19 | 30.50 | 26.88 | 31.52 | 27.10 | 31.93 | 27.53 | 31.73 | 27.48 | 31.99 | 28.66 | 33.23 | 20.0 
Ge hae | 
AVG aac 29.56 | 33.17 | 30.43 | 34.16 | 30.61 | 34.63 | 30.93 | 34.56 | 30.97 | 34.73 | 31.67 35.69 | 25.73 
! 
—— SSS LS. SSS SSS 
Spring: 
March..... 33.94 | 33.70 | 34.66 | 34.16 | 34.73 | 34.47 | 34.55 | 33.93 | 34.32 | 33.27 | 32.91 | 32.12 | 31.0 
Aprils se..5. 48.50 | 45.04 | 50.34 | 45.63 | 49.83 | 45.73 | 49.76 | 45.90 | 49.51 | 45.29 | 42.24 | 40.09 | 45.9 
May. oo: 60.19 | 56.54 | 62.08 | 57.21 | 62.09 © 57.47 | 61.98 | 57.08 | 61.85 | 56.75 | 59.38 | 55.33 | 56.2 
| 
| its | 
Ave......| 47.54 | 45.09 | 49.03 | 45.67 | 48.88 | 45.89 | 48.76 | 45.64 | 48.56 | 45.10 | 44.84 42.51 | 44.37 
—————— EE Ee |S Es (ee Ee eee — 
Summer 
JONES pont: 72.65 | 67.75 | 74.85 | 69.37 | 75.43 | 69.26 | 75 82 | 68.67 | 75.77 | 68.17 | 71.21 | 65.03 | 67.6 
Unky teen 77.61 | 73.86 | 78.44 | 75.16 | 79.09 | 74.67 | 79.17 ) 74.01 | 79.10 | 73.55 | 75.90 | 71.69 | 70.8 
ANG Hac. Bee 75.74 | 72.81 | 76.86 | 74.25 | 77.56 | 73.69 | 77.06 | 73.16 | 76.96 | 72.77 | 74.39 | 71.75 | 69.4 
Ave......! 75.33 | 74.81 | 76.72 | 72.93 | 77.36 | 72.54 | 77.35 | 71.95 | 77.28 | 71.50 | 73.83 69.49 69.27 
| | 
Autumn: : | 
September..} 65.99 | 64.94 | 66.96 | 66.62 | 67.12 | 65.96 | 67.07 | 65.78 | 67.15 | 65.52 | 65.82 | 65.12 | 61.0 
October....| 53.28 | 54.39 | 53.86 | 56.21 | 53.92 | 55.32 | 53.86 | 55.40 | 53.84 | 56.20 | 54.01 | 55.90) 50.2 
November..| 42.57 | 43.71 | 43.45 | 45.91 | 43.53 | 45.03 | 42.82 | 45.18 | 43.44 | 45.20 | 43.14 45.11 | 41.7 
Ave...... 53.95 | 55.68 | 54.76 | 56.25 | 54.86 | 55.44 | 54.58 | 55.45 | 54.81 | 55.64 | 54.32 55.38 | 50.97 
Yearly ave..| 51.60 | 52.19 | 52.84 | 52.25 | 52.93 | 52.13 | 52.91 | 51.90 | 52.91 | 51.74 | 51.17 50.77 | 47.58 
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TABLE 83—1913-1914.—Conlinued. 
! 
1.81% 2.01% 3.02% 5.47% 6.95% } 
Org. Mat. | Org. Mat. Org. Mat. Org. Mat. Org. Mat. Peat. _ Air, 
1913-1914 a 
ee oe A Co RC a Re 
: | | 
Winter: 
December...) 36.14 | 39.25 | 37.13 | 41.42 | 37.14 | 40.53 | 36.89 | 40.72 | 37.45 | 41.56 | 38.70 | 41.74 | 31.8 
January....| 33.13 | 35.33 | 34.13 | 36.33 | 34.18 | 36.46 | 34.26 | 36.64 | 34.21 | 36.61 | 34.06 | 36.42 | 27.0 
Tebruary..., 32:24 | 34.94 33.36 | 35.84 | 33.63 | 36.10 | 34.03 | 36.38 | 34.34 | 36.50 | 34.48 | 36.30 | 12.7 
AVazLo 33.84 | 36.51 | 34.87 | 37.86 | 34.98 | 37.70 | 35.06 | 37.91 | 35.33 | 38.22 | 35.75 | 38.15 | 23.83 
Spring 
Mariano: 35.41 | 36.06 | 36.53 | 36.72 | 36.47 | 37.02 | 36.70 | 37.24 | 36.66 | 37.15 | 34.72 | 35.85 | 31.1 
ADI aSaces 47.26 | 44.83 | 47.78 | 45.01 47.60 | 45.20 | 47.31 | 44.82 | 47.00 | 44.48 | 45.17 | 42.73 | 44.7 
Magoo tain 61.83 | 57.06 | 62.62 | 57.15 | 62.61 | 57.43 | 62.54 | 56.91 | 62.20 | 56.52 | 59.11 | 54.54 | 58.6 
AVOEs 48.17 | 45.98 | 48.98 | 46.29 | 48.89 | 46.55 | 48.85 | 46.32 | 48.62 | 46.05 46.33 | 44.37 | 44.80 
| | 
Summer 
Pore. + 71.19 | 67.38 | 74.07 | 68.34 | 74.29 | 68.90 | 74.66 | 68.53 | 74.67 | 68.22 | 71.71 | 66.47 | 66.0 
July see 76.35 | 72.15 | 78.03 | 72.48 | 77.66 | 72.97 | 78.57 | 72.66 | 78.71 | 72.42 | 75.87 | 70.70 | 71.0 
August..... 72.52 | 70.96 | 74.98 | 71.62 | 74.37 | 71.89 | 74.40 | 71.57 | 74.47 | 71.52 | 73.13 | 70.78 | 68.9 
| 
| js twh ee eos 
AVG. ncenke | 73.35 | 70.16 | 75.69 | 70.81 | 75.44 | 71.25 | 75.88 | 70.92 | 75.95 | 70.72 | 73.57 | 69.32 | 68.63" 
Autumn: | 
Sept....... 63.56 | 63.42 | 65.26 | 64.12 | 64.88 | 64.37 | 65.08 | 64.36 | 65.14 | 64.48 | 64.36 | 63.96 | 60.3 
October. ...| 55.56 | 56.50 | 56.70 | 57.26 | 56.68 | 57.44 | 56.85 | 57.75 | 56.90 | 57.92 | 56.65 | 57.90 | 54.6 
November..| 38.98 | 42.06 | 40.42 | 48.26 40.32 | 43.45 | 40.50 | 43.86 | 40.55 | 44.39 | 41.13 | 44.72 | 37.6 
| 
Bae eae a | ane 
Ave....... 52.70 | 53.99 | 54.13 | 54.88 | 53.96 | 55.09 | 54.14 | 55.32 54.20 | 55.60 | 54.05 | 55.53 | 50.83 
| | | 
| | 
Yearly Ave..| 52.02 | 51.66 | 53.42 | 52.46 | 53.32 | 52.65 | 53.48 | 52.62 | 53.53 | 52.65 | 52.43 | 51.84 | 47.02 
} | | 
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TABLE 83—1914-1915.—Concluded. 


1.81% 2.01% 3.32% | 5.47% | 6.95% : 
Org. Mat. | Org. Mat. | Org. Mat. Org. Mat. | Org. Mat. | Peat. | Air. 
| | 
1914-1915 —| | | — 
a | 6” 3” 6” | 3* 6” | Bd 6” | SF 6” 3° 6” 
4 | | | | 
Winter: | | 
December. .| 31.35 | 33.35 | 32.53 | 34.00 | 33.07 | 34.51 | 33.47 | 34.49 | 34.13 | 35.05 | 34.87 | 35.57 | 21.6 
January....| 30.28 | 31.48 | 31.53 | 32.52 | 32.13 | 33.24 | 32.63 | 33.27 | 32.86 | 33.46 | 32.76 | 32.78 | 20.4 
February...) 31.75 | 32.70 | 32.95 | 33.51 | 33.12 | 33.85 | 33.28 | 33.64 | 33.29 | 33.66 | 32.63 | 32.35 | 29.4 
| | 
Mats | ee | gl 
Ave...... 31.13 | 32.51 | 32.34 | 33.34 | 32.77 | 33.87 | 33.13 | 33.80 | 33.43 | 34.06 | 33.42 | 33.57 | 23.80 
| | | | | 
= = | csaee 
Spring: | | 
Matos ast 34.10 | 34.71 | 35 35.23 | 34.88 | 35.38 | 34.90 | 35.13 | 35.00 | 35.39 | 32.57 | 32.11 | 30.1 
ABMS. atts 55.09 | 52.97 | 56.72 | 53.60 | 56.10 | 53.85 | 55.64 | 53.12 | 54.95 | 52.64 | 49.40 | 45.83 | 51.6 
May....... 56.60 | 55.94 | 59.65 | 57.50 | 59.02 | 57.58 | 58.84 | 57.02 | 58.56 | 57.96 | 56.39 | 53.62 | 51.5 
| | 
| —— ——s 
| | 
Ave...... 48.60 | 47.87 | 50.52 48.78 | 50.00 | 48.94 | 49.79 | 48.42 | 49.50 | 48.66 | 46.12 | 43.89 | 44.40 
| 
| | = 
| 
Summer: | | | | 
ARIME ese 67.82 | 66.07 | 70.00 | 67.21 | 69.51 | 67.39 | 69.17 | 66.76 | 69.16 | 65.86 | 66.28 | 62.25 | 61.0 
MWe, oes 72.83 | 71.73 | 75.88 | 73.30 | 75.43 | 73.45 | 75.44 | 73.05 | 75.11 | 72.33 | 72.90 | 68.76 | 67.9 
August.....| 69.43 | 68.70 | 71.80 | 69.71 | 71.28 | 70.07 | 71.35 | 69.50 | 70.94 | 68.91 | 69.20 | 66.51 | 63.4 
Ave...... 70.03 | 68.83 | 72.6 70.07 72.07 | 70.30 | 71.99 | 69.77 | 71.74 | 69.03 | 69.46 | 65.84 | 64.10 
| | 
ae | | | ; oe | ei, 
Autumn: | 
September..| 66.80 | 65.89 | 68.78 | 66.83 | 68.36 | 67.07 | 68.46 | 66.64 | 68.03 | 66.06 | 66.20 | 63.40 | 63.2 
October....| 52.98 | 52.99 | 54.64 | 53.63 | 54.50 | 54.09 | 55.05 | 53.80 | 54.60 | 53.47 | 52.81 | 51.33 | 51.1 
November..| 40.80 | 42.02 | 42.41 | 42.60 | 42.22 | 42.93 | 42.7 42.89 | 42.71 | 42.91 | 42.04 | 42.24 | 39.8 
Ave...... 53.53 | 53.63 | 55.28 54.35 | 55.03 | 54.69 | 55.40 | 54.44 | 55.11 | 54.15 | 53.68 | 52.32 | 51.37 
i pri | | 
Yearly ave..| 50.82 | 50.71 | 52.68 51.66 | 52.47 | 51.95 | 52.58 | 51.35 | 52.45 | 51.48 | 50.67 | 48.91 | 45.92 


Table 83 contains the monthly, seasonal and yearly average tempera- 
ture for the second year, December 1912 to November 1915. The data 
show that the temperature of all the soils at the 5-inch depth either com- 
pletely or almost reached the freezing point in December. During 
January it remained at or slightly below the freezing point. In February, 
however, it fell several degrees below this point and was lowest in the 
soil to which was added no peat, slightly higher in the treated soils and 
highest in peat. As a matter of fact throughout the winter months peat 
remained the warmest followed by the soils with an increasing organic 
matter content. The difference, however, was comparatively very small. 
The temperature at the 18-inch depth of all the soils reached the freez- 
ing point in February. 

In March all the soils at both depths had thawed except peat at the 
18-inch depth. By April, however, peat also had completely thawed .but 
its temperature was about 7°F lower than that of the other soils at the 
5-inch depth and about 5°F at the 18-inch depth. By May the tempera- 
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ture of the peat approached that of the other soils quite close su 
that the difference was only about 1 or 2°F at both depths. From this 
month on the various soils divided themselves into two distinct groups 
as regards their temperature. The sand or untreated soil and the peat 
maintained a low but almost equal temperature and the soils possessing 
organic matter in percentages of 2.08, 3.32, 5.47, and 6.95 had a slightly 
higher temperature but also of practically equal magnitude. Thus, in 
the month of July, when the highest average temperature was attained, 
the various soils had the following degree of temperature at the 5 and 
18-inch depths, respectively: 1.81% organic matter 77.61°, 73.86°; 2.08% 
78.47°, 75.16°; 3.32% 79.09°, 74.67°; 547% 79.17°, 14.01°; 6.95% 
79.10°, 73.55°; and, peat 75.90°, 71.69°F. In this month the difference 
in temperature between the sand and peat was greater than at any other 
month during the summer and fall. The above division or order con- 
tinued, with small variation, until October, and then the magnitude be- 
came more or less equal in all the soils. From October until December, 
the end of the year, all the soils had approximately the same average 
temperature. 

The data for the third year or cycle are contained also in Table 83. 
The results of this year reveal exactly the same principles as those of 
the second year just discussed and consequently need no detailed con- 
sideration. 

The results of the fourth year are represented at the bottom of Table 
83. These records differ from those of the previous years in that they 
were obtained at 5 and 6-inch depths instead of 5 and 18. Even then, 
however, the order and behavior of the average temperature at these 
upper depths agree with those of the lower depths of the preceding years 
und consequently reveal practically the same principles. 

It should be noted that the average air temperature was icwer than 
that of all the soils at both depths every month in the year throughout 
the three years. 

In the spring all the soils with the exception of peat, thawed at about 
the same time; peat, however, thawed much later. 

Th's investigation goes to prove then that soils either with white color 
and low moisture content or with black color and high water content 
have a lower average temperature during the spring and summer than 
soils possessing these properties in medium proportion. In other words 
the white color of a svil reflects so much of the sun’s rays that it pre- 
vents the soils from attaining a high temperature in spite of its low 
water content and small amount of evaporation, while the excess of 
water content of a black soil, such as peat, consumes so much of-the heat 
energy in its evaporation process that it keeps the temperature of 
the soil low in spite of its black color and hence its great heat absorbing 
power. 


MONTHLY, SEASONAL, AND YEARLY MAXIMUM, MINIMUM, AND AMPLITUDE OF 
TEMPERATURE. 


Next, the monthly, seasonal and yearly maximum, minimum and ampli- 
tude of temperature of the foregoing various soils for the three years will 
be considered. These data are shown in Tables 84, 85 and &6, inclusive. 
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TABLE 84—MONTHLY, SEASONAL, AND YEARLY MAXIMUM, MINIMUM AND AMPLITUDE OF TEMPER- 
ATURE OF SOIL WITH VARIOUS AMOUNTS OF ORGANIC MATTERS. 


1.81% 2.01% 3.32% | 5.47% 6.95% 
Org. Mat. Org. Mat. Org. Mat. | Org. Mat. Org. Mat Peat. Air 
1912-1913. eect G | | _ 
5” 18” 5” 18” 5” 18” 5” 18” 5” ips 5” 18” 
Winter: | | 
Max...... 33.00] 35.79| 33.75] 36.81} 33.79] 37.28) 34. 03 37.29) 34.06] 37.44] 34.50] 38.34| 38.1 
December... ; Min...... 30.57| 35.05) 31.67| 36.18 31.88} 36.71, 32.48, 36.70) 32.82| 36.88] 33.80] 37.91] 93.9 
Dae sage 2.43] 0.74) 2.08] 0.63] 1.91) 0.57, 1.55| 0.50) 1.24) 0.56) 0.70] 0.43] 14.2 
Max...... 31.07| 33.78| 31.87| 34.63| 32.01 35.10 32.28| 35.11] 32.27| 35.17| 32.36] 35.85| 34.2. 
January.... 4 Min. 30.15] 33.40| 31.11] 34.27) 31.35] 34.78) 31.64| 34.79] 31.65] 34.86) 32.00] 35.55] 18.2 
Deb tas 0.92] 0.38] 0.76] 0.36) 0.66] 0.32) 0.64 0.32) 0.62! 0.31] 0.36] 0.30! 16.0 
eS ae Ss 27.78] 30.85) 28.65] 31.78} 29.00] 32.16, 29.21 31.96} 29.21| 32.26] 29.60] 33.41] 97 9 
February... Min...... 24.14] 30.04, 24.54] 31.21) 24.57| 31.69, 25.33] 31.46, 25.17| 31.75! 27.56] 33.051 19.1 
(jo ee 3.64, 0.81] 4.11] 0.57) 4.43) 0.47] 3.88! 0.50) 4.04] 0.51| 2.04! 0.36] 15.8 
Max...... 30.62| 33.47| 31.42] 34.41, 31.60) 34.85| 31.84) 34.79| 31.85] 34.96| 32.15] 35.87| 33.40 
Seasonal... / Min...... 28.29] 32.83) 29.11] 33.89) 29.27| 34.39] 29.82) 34.32| 29.88] 34.50) 31.12) 35.50! 18.07 
Diff. ......-< 2.33) 0.64 2.31] 0.52) 2.33) 0.46! 2.02 0.47| 1.97| 0.46] 1.03] 0.37] 15.33 
Spring | 
Max...... 35.41| 34.14] 36.04] 34.51) 35.81/ 34.78] 35.40) 34.18] 35.10] 33.47| 32.33] 33.10] 41.6 
Mar saz... Min...... 32.42) 33.35| 33.31] 33.84! 33.54| 34.19] 33.68] 33.68] 33.53) 33.06] 31.91| 32.73] 90.5 
Dale sss: 2.99} 0.79| 2.73] 0.67| 2.27] 0.59) 1.72) 0.50] 1.57] 0.41] 0.42] 0.37| 21.1 
Pe ee 52.86 46.32: 55.20] 46.66) 54.62| 46.57) 54.62) 46.54) 54.25] 45.77, 43.85| 40.39) 56.6 
April....... Min...... 42.36] 44.15] 43.42] 44.86] 43.75] 45.12| 44.93] 45.27| 44.32! 44.78) 41.35] 39.83] 35.2 
(eEREE. tone 3 10.50] 2.17] 11.78] 1.80] 10.87] 1.45] 10.39, 1.27) 9.93] 0.99] 2.50) 0.56| 21.4 
Max...... 65.64| 57.83| 67.48| 58.19| 67.64) 58.47! 67.30| 57.77| 67.28] 57.23| 61.48] 55.44] 67.2 
May....... Min...... 53.63; 55.65| 54.88] 56.39| 54.99] 56.67| 55.60| 56.47| 55.53| 56.32| 58.00] 55.13] 45.1 
Diffs cc 12.01] 2.18] 12.60] 1.80! 12.65) 1.80] 11.70) 1.30) 11.75} 0.91} 3.48] 0.31! 92/1 
Max...... 51.30| 46.10} 52.91| 46.45| 52.69) 46.61| 52.44 46.16 52.21| 45.49| 45.89] 42.98] 55.13 
Seasonal Min...... 42.80| 44.38) 43.87| 45.03) 44.09) 45.33) 44.50 45.14| 44.49| 44.72| 43.75] 42.56) 33.60 
Diff. ns 8.50| 1.72} 9.04) 1.42) 8.60, 1.28] 7.94 1.02 7.72] 0.77| 2.14) 0.42) 21.53 
Summer he 
Max...... 78.36] 69.30] 81.21] 70.49| 81.96] 70.65] 82.36) 69.46] 82.61] 68.62] 74.45] 65.16| 81.5 
June....... Min...... 65.28| 66.70| 67.03] 68.42| 67.18] 68.18] 67.94) 67.83| 67.80] 67.58| 69.28] 64.881 53.7 
Dit. e.t 13.08} 2.60| 14.18] 2.07| 14.78 2.47] 14.42! 1.63| 14.81] 1.04] 5.17] 0.28] 97.8 
Max...... 83.29| 75.18! 84.93] 76.08] 85.44) 75.63] 85.43| 74.62) 85.54| 73.98] 78.94] 71.83] 83.0. 
Sih eae Min...... 70.74| 72.87| 71.76] 74.31| 71.67| 73.70] 72.19| 73.31| 72.02] 73.10] 74.08| 71.54| 58.5 
Distt. 28 12.55] 2.31] 13.17| 1.77| 13.77] 1.93| 13.24| 1.31| 13.52] 0.88] 4.86] 0.29] 94.5 
(Max...... 81.53] 74.08] 83.14] 75.18] 83.57] 74.76] 83.29] 73.77| 83.30) 73.29] 77.30] 71.93] 81.1 
August..... Min. ses 3 68.50] 71.73| 69.49| 73.36] 69.43| 72.73; 70.05| 72.49| 69.74) 72.32| 72.72| 71.53] 57.6 
Dill. 13.03] 2.35] 13.65] 1.82] 14.14] 2.03] 13.24) 1.28) 13.56 0.97| 4.58) 0.40| 23.5 
Max...... 81.08] 72.85] 83.13| 73.92) 83.66| 73.68) 83.69| 72.62, 83.82 71.96] 76.90) 69.64| 81.87 
Seasonal Min... ... 68.17| 70.43| 69.43] 72.03) 69.43] 71.54) 70.06| 71.21; 69.85 71.00| 72.03 69.32) 56.60 
Diff. 12.89] 2.42) 13.70] 1.89) 14.23} 2.14] 13.63] 1.41 13.97 0.96] 4.87, 0.32| 25.27 
Autumn: } eg 
ae Mit. ce 70.57| 66.10| 71.68] 67.33| 71.99] 66.79| 71.76| 66 32| 71.95) 66.01| 68.28] 65.28] 73.3 
September..{ Min...... 60.34| 64.12) 61.35] 65.95 61.38] 65.21] 61.72] 65.25| 61.66) 65.13| 64.36) 64.94| 48.7 
Dil. tors 10.23! 1.98] 10.33] 1.38] 10.61] 1.58] 10.04] 1.07] 10.29) 0.88) 3.92 0.34! 24.6 
Max...... 55.73| 55.26| 56.50] 56.81| 56.51) 55.98| 56.28| 55.84| 56.47| 56.92] 55.48) 56.10] 59.0 
October.... 4 Min...... 49.74] 53.73) 50.46] 55.67| 50.50| 54.74] 50.58| 54.98] 50.69| 55.89| 53.09| 55.69| 41.5 
Daft. 6.24 5.99] 1.53} 6.04} 1.14] 6.01] 1.24/ 5.70] 0.86] 5.78] 1.03] 2.39] 0.41] 17.5 
Max...... 44.37| 44.32] 45.12| 46.42] 45.16) 45.54] 44.41| 45.68] 45.04) 45.56] 43.80] 45.34| 49.0 
November.. { Min...... 40.46| 43.20] 41.59] 45.54| 41.73] 44.60] 41.37) 44.90) 41.97] 44.89] 42.56) 44.80] 34.4 
Diff. . 3.91] 1.12] 3.53] 0.88} 3.43] 0.94] 3.04] 0.78] 3.07| 0.67| 1.24] 0.45] 14.6 
(iia vied 56.89) 55.23) 57.77| 56.85) 57.89) 56.10) 57.46| 55.95 57.82 56.16| 55.85 55.57| 60.43 
Seasonal... { Min...... 50.18] 53.€8 51.13| 55.72) 51.20) 54.85| 51.22) 55.04 51.44 55.30| 53.34) 55.17, 41.53 
MBit fot 6.71} 1.55| 6.64 1.13] 6.69} 1.25 6.26) 0.91| 6.38 0.86; 2.51 0.40) 18.90 
e (Max...... 7| 51.91| 56.31] 52.91) 56.46| 52.81| 56.36| 52.38) 56.43 52.14) 52.70 51.02| 57.71 
Yearly. .... {Min...... 47.36| 50.33) 48.92) 51.67| 48.50| 51.53| 48.90) 51.43) 48.92 51.38] 50.06 50.89| 37.45 
| Dif:...... 7.61; 1.58) 7.93] 1.24] 7.96| 1.28] 7.46] 0.95] 7.51| 0.76] 2.64 0.13) 20.26 
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TABLE 85.—MONTHLY, SEASONAL AND YEARLY MAXIMUM, MINIMUM AND AMPLITUDE OF TEMPER- 
ATURE OF SOILS WITH VARIOUS AMOUNTS OF ORGANIC MATTER. 


6.95% | 


| 1.81% 2.01% 3.32% 5.47% | . 
Org. Mat. Org. Mat. Org. Mat. Org. Mat. Org. Mat. Peat. Air. 
1913-1914. ty. ela Ys | ee 
5° | is | 5” | ase | 5” | ise | 5” | ase | 5” | a8" | 5 | 18° 
Winter: 
[ Max ee 37.00 39.56| 37.85] 41.65| 37.78| 40.81 37.42| 41.16 37.97, 41.80, 38.99| 41.97] 39.1 
December.. { Min...... 35.26 39.00) 36.42| 41.23| 36.48| 40.31 36.39| 40.64 36.97 41.34 38.45] 41.51] 24.6 
(i 1.74, 0.56} 1.43] 0.42} 1.30} 0.50, 1.03} 0.52 1.00, 0.46 0.54] 0.46| 14.5 
( Max ae 33.34 35.47| 34.30| 36.49| 34.34] 36.61, 34.52| 36.77) 34.40] 36.71, 34.14| 36.51] 33.5 
January... Min...... 32.93, 35.20| 33.92| 36.19| 33.97| 36.35 34.12] 36.53 33.98 36.51 33.99] 36.35| 20.5 
{ Diff....... 0.41 0.27, 0.38} 0.30] 0.37) 0.26 0.40] 0.24 0.42 0.20, 0.15| 0.16) 13.0 
Max...... 32.43, 35.10| 33.52| 36.02| 33.81] 36.28 34.22| 36.56 34.51 36.67) 34.64] 36.47| 23.5 
February... 1 Min....... 3206 34.83) 33.22| 35.73) 33.50| 35.97) 33.91| 36.26) 34.24 36.37| 34.35| 36.19] 1.9 
Diff. 0.37 0.27; 0.30| 0.29, 0.31) 0.31, 0.31{ 0.30) 0.27) 0.30) 0.29] 0.28| 21.6 
Max... 34.26 36.71, 35.22| 38.05 35.31, 37.90 35.39| 38.16) 35.63, 38.39| 35.92) 38.32) 23.03 
Seasonal... | Min. 33.42| 36.34| 34.52) 37.72 34.65, 37.54 34.81| 37.81) 35.06 38.07) 35.60| 38.02) 15.67 
Tae ee 0.84) 0.37| 0.70 0.33 0.66/ 0.36 0.58| 0.35| 0.57, 0.32) 0.32) 0.30| 16.36 
Spring: 
Max...... 37.00| 36.50) 37.96| 37.03| 37.91| 37.37, 38.04] 37.48| 37.87) 37.35| 34.99] 35.98] 39.7 
March... Min...... 33.70| 35.77| 35.20| 36.49 35.20 36.76 35.56| 37.03| 35.63) 36.97| 34.55| 35.74| 22.5 
i | 0.54, 2.71| 0.61, 2.48] 0.45| 2.24) 0.38| 0.44 0.24] 17.2 
{ | 45.77| 51.79| 45.63) 50.77| 45.32) 50.23| 44.87] 46.61| 42.92] 55.2 
44.35} 43.28) 44.54| 43.73| 44.36] 43.87| 44.14| 44.99] 42.56] 34.2 
| Di 1.42) 8.51) 1.09] 7.04] 0.96] 6.36| 0.73| 2.39| 0.36) 21.0 
{ 58.30| 68.63| 58.77| 68.27| 57.77| 68.08) 57.07| 61.81| 54.75| 70.6 
56.09| 54.53| 56.38| 54.92) 56.12| 54.96) 55.93| 57.32] 54.37| 46.5 
| Di 2.21] 14.10] 1.39) 13.35 1.65] 13.12, 1.14) 4.49] 0.38) 24.1 
47.03 52.78) 47.26 52.36| 46.86) 52.06 46.43| 47.80| 44.55) 55.17 
45.64 44.34 45.89 44.74) 45.80| 44.82 45.68| 45.36| 44.22) 34.40 
1.39 8.34) 1.37, 7.62) 1.06) 7.24 0.75| 2.44! 0.33) 20.77 
lle a 
69.50| 80.65] 70.21| 81.01] 69.42| 81.11) 68.88| 74.72] 66.71| 77.6 
67.33] 66.23] 67.83| 66.67| 67.67| 66.79, 67.60| 69.74| 66.24) 54.3 
| 2.17| 14.42| 2.38| 14.34] 1.75] 14.32) 1.28] 4.98| 0.47) 23.2 
Max...... 81.73! 73.80| 84.06) 73.70. 84.13| 74.36 84.72 73.60| 84.92, 73.02| 78.81| 70.84) 83.0 
July....... Min... 69.36| 71.06! 70.95| 71.48! 70.66| 71.93| 71.17| 71.76| 71.63) 71.77| 74.01| 70.55| 59.0 
Die: 12.37, 2.74) 13.11] 2.22, 13.47| 2.43] 13.55| 1.84] 13.29) 1.25] 4.80" 0.29] 24.0 
Max...... 77.76| 72.24| 80.65| 72.17 79.83) 72.89) 79.60| 72.21| 79.68] 72.02) 75:63) 70.95| 81.0 
August... Min... 66.54| 69.96] 68.66] 70.74 68.01| 70.98| 68.33| 70.88] 68.50 71.06| 71.65| 70.61| 57.0 
Die m6 11.22} 2.28] 11.99 1.43 11.82) 1.91| 11.27) 1.33) 11.18) 0.96, 3.98| 0.34) 24.0 
{ Max ce 78.65| 71.61) 81.69| 71.79, 81.54) 72.49 81.78| 71.74) 81.90 71.31| 76.39| 69.50| 80.53 
Seasonal... | Min... 66.67, 69.11, 68.65) 69.85 68.30 70.25 68.72| 70.10| 68.97 70.14| 71.80) 69.13| 56.77 
Dig, -ek 11.98 2.50 13.04, 1.94 13.24) 2.24 13.06] 1.64) 12.93 1.17, 4.59) 0.37| 23.76 
Autumn: cee he PE Ciaieeyt FP. oslo 2 S| aera eee 
Pita 2,9 68.24) 64.74) 70.26) 65.02 69.91) 65.33) 70.10] 64.98] 70.11] 64.97] 66.36] 64.18) 72.0 
September.. | Min ae. | 57.34] 62.38) 59.22! 63.28| 58.71 63.47| 59.21| 63.68] 50.341 64.02| 62.92! 63.76) 48.0 
Diffs. 50 | 10.90| 2°36) 11.04) 1.74) 11.20{ 1.86 10.89) 1.30| 10.77) 0.95) 3.44] 0.42/ 24.0 
| Se iin his | idk Pat acl Reece, oe ae 
Max...... 59.17 57.55| 60.42| 57.91, 59.94) 58.18) 60.22) 58.22) 60.83 58.37| 58.19) 58.10) 65 0 
October....}Min...... 51.12) 55.62| 52.67] 56.64) 52.54) 56.69, 52.96 57.22| 53.21 57.48) 55.61) 57.69) 44.0 
in ee 8.05| 1.93} 7.75] 1.27, 7.40| 1.49] 7.26) 1.00] 7.12) 0.89| 2.58) 0.41) 21.0 
{ Max ae 40.34, 42.86 41.76| 43.72) 41.76] 43.94 41.94) 44.25| 41.96) 44.72| 41.81) 44.89] 47.0 
November.. } Min. . |... 37.13| 41.52} 38.67] 42.80| 38.61) 43.03| 38.98 43.54] 39.14) 44.10) 40.52| 44.55) 28.0 
(Pht -.40. 4 3.21] 1.34| 3.09, 0.92, 3.15} 0.91| 2.96 0.71| 2.82) 0.62) 1.29) 0.84) 19.0 
Max...... 55.92\ 55.05) 57.48 55.55 57.20) 55.82, 57.42 §5.82| 57.47 56.02) 55.45, 55.72| 61.33 
Seasonal...) Min..... 48.53/ 53.17; 50.19 54.24 49.95 54.40 50.38 54.81| 50.56 55.20 53.02 55.33| 40.00 
Dif os, 7.39 1.88) 7.29 1.31. 7.25, 1.42) 7.04 1.01, 6.91, 0.82| 2.43 0.39| 21.33 
{ Max bbe 55.18, 52.62 56.79 53.11, 56.71| 53.37 56.74 53.15) 56.77 53.04) 53.89 52.02| 58.27 
Yearly... Min...... 47.95, 50.96) 49.44) 51.86, 49.31, 52.02 49.66 52.13| 49.85 52.27| 51.45 51.68) 36.71 
| Diff. 7.23, 1.66| 7.35, 1.25| 7.40 1.35 7.08 1.02| 6.92 0.77|-2.44 0.24) 21.56 
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TABLE 86.—MONTHLY, SEASONAL, AND YEARLY MAXIMUM, MINIMUM AND AMPLITUDE OF TEMPER- 
ATURE OF SOILS WITH VARIOUS AMOUNTS OF ORGANIC MATTER. 


1.81% 2.01% 3.32% | 5.47% 6.95% | 
Org. Mat. | Org. Mat. | Org. Mat. | Org. Mat. | Org. Mat. | Peat. Air. 
1914-1915. peer. 
| 3 e | 3° | eo | 3° | 6 | 3” | 6 a” | or 3" | 6 
Winter | | | 
Max...... 32.21|" 33.69] 33.44] 34 30] 33.69) 34.79, 33.97 34.70 34.44) 35.20] 35.03] 35.71| 28.0 
December..{ Min...... 30.44|}32.98| 31.53| 33.67| 32.38] 34.25 32.95] 34.30 33.83| 34.91] 34.69| 35.45) 15.0 
Diff. . 1.7 0.71) 1.91} 0.63) 1.31] 0.54, 1.02] 0.40, 0.61, 0.29| 0.34) 0.26) 13.0 
Max...... 30.62) 31.65] 31.78] 32. 63 32.39] 33. = 32.77) 33.34) 221071 33.54) 32.89| 32.88) 28.0 
January....4 Min...... 29.98] 31.32| 31.37| 32.39] 32.02| 33.14) 32.49] 33.20| 32.79) 33.40, 32.70] 32.70| 12.9 
Diet 0.64/ 0.33] 0.41| 0.24) 0.37/ 0.20 0.281 0.14 0.18, 0.14 0.11} 0.18] 15.1 
Max...... 32.46| 33.05] 33.46] 33.73] 33.45| 34.06 33.72| 33.91 33.61 33.91, 32.76] 32.41| 36.2 
February.../ Min...... 30.75| 32.33 32.23| 33.31/ 32.66| 33.66) 32.70| 33.36| 32.93| 33.45) 32.48| 32.30| 22.5 
oo 1.71] 0.72| 1.23] 0.42) 0.79 0.40, 1.02) 0.55 0.68 0.46 0.28| 0.11| 13.7 
Max...... 31.76! 32.80| 32.89| 33.55! 33.18, 34.06 33.49) 33.98 33.67, 34.22 33.56) 33.67 30.73 
Seasonal... /Min...... 30.39| 32.21| 31.71| 33.12) 32.35| 33.68 32.71| 33.62, 33.18) 33.92 33.29| 33.48 16.80 
DE 1.37] 0.59] 1.18] 0.43) 0.83, 0.38, 0.78 0.36 0.49, 0.30 0.27| 0.19 13.93 
Spring Sah re Fee See Mer reo el ay Sere ee 
Max......| 36.71| 36.98] 37.81| 37.48| 37.40] 37.48| 37.04) 36.79) 37.02, 36.88| 32.76; 32.32| 39.6 
March... Min...... 30.52| 33.01] 31.71] 33.63| 32.21| 33.95| 32.86] 34.06 33.26] 34.49 32.38/ 32.15 20.6 
Diallo, 6.19| 3.97} 6.10] 3.85| 5.19] 3.53, 4.18| 2.73) 3.76] 2.39] 0.38] 0.17| 19.0 
Max...... [60.69] 57.83| 63.15] 58.53) 62.28) 58.89] 61.20| 57.74, 60.32' 56.67| 52.52| 46.66] 63.0 
April....... Min...... 445.64| 47.08| 46.41] 47.57| 46.35| 47.74| 46.82| 47.80| 46.73, 48.56| 45.64| 45.23] 40.1 
Diffiiiec. “15.05 10.75| 16.74] 10.96| 15.93} 11.15 14.38] 9.94 13.59| 8.11) 6.88] 1.43| 22.9 
Max...... 62.09] 60.32) 66.09] 62.46 64.99) 62.22) 64.14] 61.22 63.79! 61.06) 60.05| 54.56) 62.3 
May....... Min...... 47.98| 50.27| 49-07| 50.96 48.86| 50.91 49.58| 51.10, 49.53| 52.38 51.38| 52.90| 40.7 
Dit..-3.. 14:11] 10.05) 17.02| 11.50| 16.13] 11.31) 14.56 10.12| 14.26] 8.68, 8.67| 1.66) 21.6 
ae |_—_—<——— | 
Max...... 53.16| 51.71, 55.68} 52.82| 54.89| 52.86 54.13) 51.92 53.71) 51.54 48.44) 44.51, 54.97 
Seasonal... / Min... 41.38| 43.45 42.40| 44.05) 42.47| 44.20 43.09| 44.32 42.84| 45.14, 43.13| 43.43] 33.80 
Dit... =. 11.78] 8.26 13.28] 8.77| 12.42; 8.66 11.04) 7.60 10.87\ 6.40 5.31) 1.08) 21.17 
Summer | 
Max...... 74.71| 71.20) 77.71] 72.78| 76.90| 73.06 75.92| 72.00| 75.99| 71.11| 71.09| 63.51| 72.7 
June....... Min. ..... 56.62| 58.88 57.55] 59.42| 57.36 59.33) 57.92| 59.59| 57.90| 60.12) 59.62| 61.36) 49.3 
oe 18.09) 12.32) 20.16] 13.36| 18.54) 13.73 18.00| 12.41) 18.09| 10.99 11.47| 2.15| 23.4 
Max...... 79.19| 76.45| 83.73| 78.79) 82.60] 78.99) 82.26| 78.21) 81.77| 76.96) 77.77| 70.15| 77.9 
Sily..2-.: Min Ths! 62.90} 65.02; 64.37| 65.87| 64.21| 65.84) 64.63] 65.82) 64.66| 66.36) 65.77| 67.82| 57.9 
Die 16.29] 11.43] 19.36] 12.92] 18.39] 13.15| 17.63| 12.39] 17.11] 10.60) 12.00| 2.33, 20.0 
Max...... 74.80| 72.82| 78.14| 74.22] 77.16| 74.72| 76.87| 73.86, 76.37| 72.90, 73.28] 67.57| 73.3 
7 eee Min...... 59.93| 62.87) 61.24] 63.47| 61.15] 63.72| 61.81| 63.71| 61.71| 64.29| 63.48| 65.76| 53.6 
Tit ec Sd 9.95 16.90 10.75 16.01| 11.00 15.06| 10.15, 14.66, 8.61, 9.80] 1.81) 19.7 
Max...... 76.23, 73.49 79.86| 75.26) 78.89| 75.59 78.35| 74.69 78.04 73.66 74.05| 67.08 74.63 
Seasonal... / Min...... 59.82| 62.26 61.05| 62.92| 60.91) 62.96 61.45, 63.04 61.42) 63.59 62.96| 64.98| 53.60 
Diff 16.41! 11.23) 18.81! 12.34) 17.98 12.63 16.90 11.65, 16.62 10.07, 11.09) 2.10 21.03 
Autumn: | 
Max...... 73.16) 70.24| 75.98) 71.49| 74.93| 71.81, 74.40 71.05. 73.64| 70.02, 70.21| 64.52| 73.8 
September../ Min... 57.12 59.80 58.05, 60.21) 58.04) 60.45, 58.92] 60.60, 58.80] 61.28] 60.54) 62.58) 52.6 
eee 16.04) 10.44) 17.93] 11.28| 16.89] 11.36 15.48| 10.45 14.84) 8.74, 9.67| 1.94 21.2 
Max...... 57.63 56.00 59.92 56.90| 59.11| 57.57. 59.28| 57.13 68.63| 56.66 55.92 52.16| 61.2 
October. . Min evi 46.48 48.65 47.52) 48.92) 47.42) 49 30) 48.26| 49.38] 47.99| 49.84| 48.82] 50.27) 41.0 
Petes 11:15) 7.35) 12.40| 7.98) 11.69| 8.27 11.02) 7.75, 10.54) 6.82, 7.10| 1.89| 20.2 
— | ee | ee ee SS 
Max...... 43.50) 43.55) 45.43, 44.18| 44.84 ae 45.05| 44.46) 44.79] 44.38) 43.38] 42.71) 47.4 
November..} Min... 37.39| 39.97| 38.69| 40.44| 38.72! 40.77) 39.47| 40.94, 39.55| 41.40) 40.55] 41.81) 32.1 
Bil. cre 6.11} 3.58) 6.74) 3.74! 6.12) 3.85, 5.58| 3.52) 5.24! 2.98 2.83] 0.90) 15.3 
Max...... 58.10 56.60 60.44 57.52! 59.63) 58.00 59.58) 57.55 58.99| 57.02 56.50| 53.13 60.80 
Seasonal...) Min... ... 47.00' 49.47 48.09 49.86 48.06| 50.17  48.88| 50.31 48.78 50.84 49.97| 51.55 41.90 
Diff...._.. 11.10) 7.13, 12.35, 7.66 11.57, 7.83 10.70, 7.24 10.21! 6.18 6.53] 1.58, 18.90 
{Max...... 64.81, 53.65| 57.22 54.79| 56.65| 55.13 56.39 54.54 56.10 54.11 53.14| 49.60 55.28 
Yearly... {Min | 44.65| 46.85 45.81, 47.49| 45.95 47.75 46.53| 47.82: 46.56| 48.37 47.34] 48.36 36.53 
| Diff | 10.16) 6.80 11.41) 7.30) 10.70, 7.38 9.86] 6.72 $9.64] 5.74 5.20] 1.24 18.75 
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The chief and most important facts revealed by the preceding tables 
may be summarized as follows: (1) The magnitude of the fiuctuation 
was very small in winter in all soils and at all depths. After the soils 
thawed, however, it began to increase until it reached a maximum in June 
and July and then commenced to decrease again until winter. (2) 
At the 18-inch depth the degree of amplitude was very small throughout 
the year in all soils but especially in peat. At the 8, 5 and 6-inch 
depths, however, it was very high and about the same during the sum- 
mer months in all the soils having various percentages of organic matter, ’ 
but quite lower in peat. (38) The minimum temperature attained was 
highest in peat, slightly less and about the same in the various soils 
treated with peat, and lowest in the untreated sand. While the maxi- 
mum was greatest and practically equal in the treated soils, slightly 
smaller in the untreated sand, and still smaller in peat, the variations, 
both for the minimum and maximum were not very large. (4) The 
amplitude of the air temperature was considerably higher than that of 
all soils at any depth. 
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ADDITIONAL EXPERIMENTAL.DATA ON THE TEMPERATURE 
OF CULTIVATED, UNCULTIVATED AND SOD SOIL. 


PLAN OF THE EXPERIMENT. 


A correct knowledge of the effect of cultural methods, such as cultiva- 
tion, uncultivation and sod, upon the soil temperature is of great interest 
and importance both from the scientific as well as from the practical 
standpoint. The current information concerning the effect of these cul- 
tural methods upon soil temperature is limited and unsatisfactory. 
Consequently, in November, 1911, at the time that the foregoing series 
of experiments were started, a systematic and thorough investigation of 
this problem was also instituted. The research consisted of measuring 
the temperature of soil under the above conditions by means of thermo- 
graphs’. It was thought and hoped that by the use of such instruments, 
which make continuous vecords, very definite and extremely important 
information would be procured upon the subject. Unfortunately, how- 
ever, these instruments proved to be a failure, as the bulbs containing 
the liquid medium would always leak in spite of many precautionary 
measures taken and the numerous repairs made. It seems that the 
joints between the tube and the hollow wire would corrode in the soil 
and allow the liquid to escape. After employing these instruments, 
seven in number, three double and two single, for two years they were 
abandoned because the data obtained by them could not be relied upon. 
They were replaced, however, by soil mercury thermometers graduated 
to 0.5°F. Only two years’ data have been secured by the latter instru- 
ments. During the year 1913 the temperature was measured at T-inch 
depth, three times a day as usual. During 1915, however, it was recorded 
at 3 and 6-inch depths. In Table 87 are presented the monthly maximum, 
minimum, amplitude and average temperature of the soil under the 
various cultural conditions during the two years. 

It should be stated that the uncultivated plot was kept undistributed 
but free of weeds; the cultivated plot was stirred almost always after 
a rain; the vegetation of the sod land consisted of alfalfa and grass and 
was never cut throughout the four years. 


5Obtained from Frietz, Baltimore, Md. 
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TABLE 87.—MAXIMUM, 


STATE BOARD OF AGRICULTURE. 


MINIMUM, AMPLITUDE AND AVERAGE TEMPERATURE OF UNCULTIVATED, 
CULTIVATED AND SOD SOIL. 


April. May. June. | July. 
1913. | 
| ] ] 
5 ies, Diff. oi Min.| Diff.| Ave. |Max.| Min.| Diff. | Ave. Max.| Min.| Diff.} Ave. 
| | | 
Uncultivated..... 7” |49.17 41.39) 7.78/45. 73/60. 14/51. m 8.29 56.48 73.39/62.81/10.48|68.61/80.36)69.49 10.87\75.12 
Cultivated....... 7” |47.80 41.80) 6.00 44,96)59.62/53.23) 6.39 56.51 |72.81 1/64.38| 7.43/68. 58|77.84|70.22| 7.62)73.91 
Sod ose Shore (to 46.55 43.10) 3.45 44.81) 5. cis 2 3. 10, 54.16 62.82 Na. 49) 3.33/61. Sie 38/65.51) 2.87/66.92 
August. September. October. November. 
1913. — 
bea ee Max.) Min.| Diff. | Ave. | Max.} Min.| Diff. | Ave.| Max.| Min.| Diff. | Ave. 
Uncultivated..... ae = ies 49) lez > 9. as 72.80|66.87\59.99) 6. pe 67 |53.58}49.58) 4.00/51.72)42.27/39.74| 2.53/41.11 
Cultivated....... 7” |75.82/67.48| 8.34/71.78/66. 50|60.37) 6.13/63.46 53.86/49.94) 3.82/52.03|43.25}40.59) 2.66/41.94 
Dodane ee | 7” |68. De 04| 2.45/67.26 60.42/58.53] 1. epee 50 |52.78)51.31| 1.47|52.06/43.15 ppd 1.38/42 .46 
| | 
December. January. February. March. 
1914-1915. == eee 
| | 
Max. | Min.| Diff. | Ave. | Max.| Min.| Diff. | Ave. Max.| Min.| Diff. | Ave. Max. Min. Diff. Ave 
a OP (ss ee ERIS SN 
ie een 
Uncultivated..... ae 33.09/31. 92) 1.17)32.53/31.51/31.11) 0.40/31.30|31.83 30. 70 1.13/31.34 34.83 31.29] 3.54/33.23 
Cultivated. ...... 3” 33.96'33.26) 0.70 33.64/32. 91)32.59) 0:32/32.75!33. 35) 32. 49| 0.86|/32.97/34.67/32.11) 2.56,33.52 
Sodas eae oe 35.59 35.34 0.25/35. 46/34.82/34.55| 0.27/34.70/33. 2 33. a 0.33/33. 69/33 .48/32.78 0.70/38.15 
April. May. June. July. 
| | 
'Max.| Min.| Diff.) Ave.| Max.) Min.| Diff.| Ave. |Max.| Min.| Diff.| Ave.|Max.| Min.) Diff.| Ave. 
Par are ne RL OPIS —|—|-— | ar 
Uncultivated..... 3” |58.66)44.90)13.76/53.34/61.42 48. 79|12.63|56.68 |72.32/56.93/15.40!66.55|78.41|64.07 14.34|73.07 
Uncultivated..... ta eS | le ane Mot an fam aie 60.38 50.53) 9.85/56.45 |70.56/59.12 11.44 65.90/76. 62|66.03 10.59\72.32 
pane) (cP Kasey el (| (aD cn een (Od) (Pe eae eee 
| 
; 
Cultivated....... 3” |56.38/45.55|10.83)52.15/59.34/49.42| 9.92155.91 169.53 57.40)12.13'64.94 75.78|64.20 11.58)71.33 
Cultivated....... ed PD ae Lerten Re ae) Ieee 58.53/51.92| 6.61/55.64 |67.84/59.60) 8.24/64.38'73.86/66.19| 7.67/70.66 
| 
Sodit ise ae bia 48/44.81 4.67/47.41/53.88/50.37) 3.51/52.42 |61.13/57.05| 4.08/59.56/69.40/64.08| 5.32/67.44 
Bods.e2 ea none [eli eae ees) egret DMG | fee ene 53.07/50.96) 2.11/52.13 |60.04 el 2.07/59.07|/67.62)64.67| 2.95/66. 24 
August. September. October November. 
Max.} Min.| Diff.} Ave.| Max.} Min. Diff. Ave Max.| Min.) Diff. | Ave. | Max.) Min.) Diff. | Ave. 
SEED AP, Wines PaaS) re? aca en fee eee hed cw lle 
Uncultivated..... 3” |73.12 60.63)12.49/68.52/70.44/58.00)12.44 65.57 |55.88)47.23) 8.65/52.26/42.90/38.02) 4.88 40.70 
Uncultiavted..... 6” |72.34/63.43| 8.91/68.81/69.18/60.74) 8.44 65.81 |54.90/49.28) 5.62/52.73/42.91/40.19| 2.72/41.78 
=a se we ee 
Cultivated....... 3” |72.12 61.49} 10.63/68 .15|/69.41/58.62)10.79/65.26 |54.68/48.10) 6.58/52.20/42.89/39.03, 3.86)/41.26 
Cultivated....... 6” |70.73/64.08] 6.65/67.84/67.91/61.12] 6.79 65.09 |54.52/50.07| 4.45/52.60/43.37/41.05| 2.32/42.35 
ed a a ee ee re 
SOd sto asecente 3” |67.07/62.52| 4.55/65.34/64.67/60.17] 4.50/62.92 |53.22/50.38) 2.84/52.11/43.70/41.71; 1.99 42.84 
Bode rceneniaae | 6” |65.82/63.92| 1.90/64.97|63.24/61.32) 1.92/62.36 |53.01/51.53) 1.48/52.32/44.18/43.10) 1.08/43.62 
| 
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Table 87 shows (1) that the average temperature of the sod soil at 
7 inches depth was about the same or only slightly lower than that of 
the cultivated and uncultivated, during the month of April. From this 
month on, the sod plot began to have decidely lower temperature than 
the other plots and continued to be colder until October. The highest 
variation occurred in June and July when the average temperature of 
the sod land was about 6 or 7°F lower than that of the bare Jand. These 
differences, however, commenced to become smaller in August and by 
September they had practically disappeared. In October the order of 
magnitude was reversed, the sod plot became warmer than the other 
two plots and continued to have a higher temperature until freezing 
and even during the winter months. The data for the winter months 
for this year are not included in the above table on account of incom- 
pleteness but they are on file and show that as a monthly average the 
temperature of the sod plot remained about 2°F higher than that of the 
cultivated and uncultivated plots. 

(2) During the months of April, May and June the average tem- 
perature of the uncultivated and cultivated soil was practically equal. 
During July and August, however, the uncultivated plot was about 1°F 
warmer than the cultivated, but during September, October, and Novem- 
ber and also during the winter months they had again equal temperature. 

(3) The degree of amplitude was highest in the uncultivated plot, 

slightly smaller in the cultivated, and very small in the sod. Thus, for 
instance, in July it amounted to 10.87° in the uncultivated plot, 7.62° 
in the cultivated, and only 2.87°F in the sod. 
_ (4) As a rule the uncultivated plot had a slightly higher maximum 
temperature than the cultivated, but the latter kept a slightly higher 
minimum than the former. The magnitude of the maximum and mini- 
mum of the sod plot was practically equal to that of the other plots in 
the early spring and fall; in the summer it was far below, but in the 
winter somewhat higher. 

Table 87 contains also the monthly maximum, minimum, amplitude 
and average temperature of the same plots during the year of 1915 but at 
different depths—3 and 6 inches. The data in this table reveal exactly 
‘the same principles as the preceding and consequently need no further 
discussion. 

The daily march of temperature which is not included here on account 
of lack of space, indicates (1) that in the spring all the three plots 
thawed practically simultaneously, (2) The temperature of the cultivated 
and uncultivated plots would rise quicker and higher whenever the air 
temperature rose very rapidly and suddenly than that of the sod. The 
converse of this was also true. (3) As between the cultivated and un- 
cultivated the rate of rising and falling of temperature was somewhat 
similar to that of the sod, but to less degree, of course. 

Tihs investigation, therefore, proves two very important facts. (1) A 
soil with compacted or undisturbed surface is only slightly warmer, 
about 1°F, than a cultivated soil, and that is only in the summer months 
and possibly in the spring; in the fall and winter months both soils are 
equally warm. (2) A soil covered with a growing or dead vegetation has 
a slightly lower temperature in the spring, considerably lower in the 
summer, but slightly higher in the fall and appreciably higher in the 
winter than the bare soils. The vegetation cover, therefore, has both a 
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cooling and warming effect upon the soil in opposite direction to the 
air temperature of the season. 

The slightly higher temperature of the uncultivated soil over the 
cultivated during the summer and possibly in the spring, is due chiefly 
to the dry mulch formed on the cultivated soil. This dry mulch forms 
rather poor and imperfect connections with the lower layers of the soil 
and the heat energy which it receives from the sun is not all conducted 
downward rapidly but a large amount of it is allowed to accumulate on 
the surface of this mulch and then some of it is radiated back to the 
atmosphere, while on account of the compacted condition and conse- 
quently better heat conducting power a greater amount of heat is propo- 
gated to the lower depths in the case of the uncultivated soil and not so 
much accumulates at the surface and then radiated into space. These 
facts were experimentally proved by the following series of experiments. 
The bulbs of mercury thermometers were placed one inch above the sur- 
face of both the cultivated and uncultivated soils. It was found that the 
thermometer over the cultivated soil would register at certain days about 
10°F higher temperature than that placed over the uncultivated soil. In 
another experiment the bulbs of the thermometers were placed hori- 
zontally over the surface of both soils. It was discovered also in this 
case that the surface of the cultivated soil would be 7 or 8°F warmer in 
certain days than that of the uncultivated. 

This same mulch, however, for the same reason that it reduces some- 
what the amount of heat penetrating the lower depths during the insola- 
tion, diminishes equally well the quantity of heat that is lost during the 
night. 

The dry mulch then tends to act as a blanket analogous to that of 
vegetation cover, but to a less degree. It is perhaps due to this mulch 
and also to the slightly higher moisture content that the temperature 
of the cultivated soil rises or falls somewhat less rapidly than that of the 
uncultivated. 

The cooling and warming effect of the cover crop in both the warm 
and cold seasons of the year is self-evident. In the summer time the 
growing crop keeps the soil temperature low for the following reasons: 
(1) Practically all the sun rays are intercepted by the growing vegeta- 
tion so that the surface ground is nearly all shaded and its temperature 
rise is dependent upon the wind and convection currents and conduction, 
and not upon any direct heat absorption. (2) The air temperature 
around the plants and at the surface of the soil is low on account of the 
great amount of transpiration and some evaporation that take place. 
Both of these processes have, of course, a tremendous influence upon the 
soil temperature. 

In the cold part of the year the dead or partially decayed vegetation 
acts as a blanket over the surface soil. This cover performs several 
functions chief which are: (1) The prevention of the cold currents of 
air from coming in contact with the surface soil and thereby cooling it, 
and (2) the layer of vegetation is porous and the spaces are filled with 
air. This air being a very poor conductor of heat does not transmit 
very rapidly heat from the soil to the air above and vice versa and as 
a result the soil loses its heat less rapidly than if it were unprotected. 

It is through the vegetation cover that is afforded probably one of the 
most efficient and expedient means of preventing extreme low soil tem- 
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perature in the winter which would be detrimental to vegetation. A 
vegetation cover coupled with snow certainly forms a very powerful 
soil temperature protector. 


EFFECT OF SNOW ON THE SOIL TEMPERATURE. 


From the theoretical standpoint a layer of snow ought to protect the 
soil against very severe cold weather and keep its temperature higher 
and steadier. Its effect would seem to be analogous to that of a vegetation 
cover. It ought to act as a blanket and reduce the rapid loss of heat 
firstly by preventing the convection and wind currents from coming in 
contact with the surface soil, and secondly, on account of its poor heat 
conductivity. 

When the thickness of the layer is rather large, snow is certainly 
a most efficient agent in protecting the soil from very low temperature. 
Observations have been made upon the subject through four successive 
winters and the results obtained are exceedingly interesting and of 
great practical importance. Some of these results have already been 
published in the previous report. In the present paper will be presented 
only the data collected during the month of January 1915. The obser- 
vations conducted during this year consisted of noting the temperature of 
soil at 3 inches deep under the following conditions: (1) bare, (2) cov- 
ered with compacted snow, (3) covered with uncompacted snow, and (4) 
covered with layer of vegetation and uncompacted snow. Table 88 con- 
tains the daily and monthly maximum, minimum, amplitude, and average 
temperature for the month of January. 
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Daily Maximum-Minimum. 


Daily Average. 


TABLE 88.—EFFECT OF SNOW COVER ON SOIL TEMPERATURE, JANUARY, 1915. 


| 


By hie ta et 
it) 
s S hee elt 
a S$ A ag 
[a2] Oo ~ Ysa 
Kf nee ae 29.8| 30.9) 31.7| 35.4] 2 
Mit eee 29.3| 30.7| 31.5 | 35.2 
gare Lie 29.0| 30.2 | 31.8] 35.5] 4.. 
Mann eee. is 24.2| 29.1| 31.5 | 35.3 
a Ne eae 31.9 | 31.4| 32.0| 35.7] 5.. 
Mine? tsa 28.8 | 30.8| 31.7] 35.4 
pi Marr coo 28) 32.3 | 32.0| 32.0| 35.7| 6 
Min. phon 32.1] 31.8| 32.0] 35.5 
Phare he) 32.3| 32.3 | 32.0| 35.3 
Mii Se ae 31.3 | 32.3 | 32.0| 35.2 |. 7.. 
RU ENAE  f, SANS, 29.5| 32.3 | 32.1| 35.4 
ine ke ees 97.5| 32.1| 32.0| 35.2] 8.. 
giant ss. ae. 28.6 | 31.5) 32.0] 35.4 
Mines 24.8) 31.2| 31.8| 35.1] 9.. 
HME caste o os 31.8] 31.9| 32.2) 35.5 
Min ee 29.7| 31.2 | 32.0| 35.4 | 11.. 
ph Mercia eing 31.4| 32.0 | 32.0| 35.4 
cp bis Epa gee Boe 30.8 | 3.18| 31.9] 35.2 | 12.. 
NEU! (oe an 30.9 | 31.6 | 32.0| 35:3 
Manes 425 ee 98.4 | 31.0| 31.8| 35.2 | 13.. 
spi Mas: otc ssh 31.8| 31.8| 32.1| 35.6 |. 
Min ke ano 28.2 | 31.0| 31.9| 35.2 | 14.. 
i} 
AGE emote. 31.9| 31.9 | 32.3 | 35.5 
Minas, scncs 28.8| 31.1| 31.9| 35.2 | 15.. 
1g | Mite toes ca! 32.0 | 32.1| 32.2| 35.3 
Minsecee ee 28.9| 31.0| 31.9| 35.3 | 16... 
ey Es aaa ae 30.3 |> 31.3 | 31.8] 35.0 
Manor pe 23 29.4 | 30.9| 31.5 | 34.9 | 18 
spuiMiae, aoe 5a 31.0| 31.4] 320| 35.1 
i et 29.8 | 30.8| 31.6| 34.9 | 19 
A ft re 30.3 | 30.9) 32.0| 35.2 
Mincts2ccsaus. 26.7| 29.9| 31.5 | 35.0 | 20 
Sh eee 29.0 | 30.2 | 31.7| 35.0 
Mini Masse .. 25.2 | 29.4| 31.0| 34.7 | 21 
24.7 | 28.8| 31.2| 34.7 
20.0 | 28.3 | 31.1 | 34.4 | 22 
; 97.40| 29.4 | 31.4] 34.3 
; 92:9 | 28.4 | 31.0] 34.0 | 23 
27.2 | 98.2 | 31.2| 33.7 
in... 20.2 | 26.6| 30.6| 33.4 | 25 
26.5 | 26.9| 31.0| 33.8 
; 18.0 | 25.7 | 30.2| 33.3 | 26 
25.1| 25.8| 30.6 | 33.5 
i 17.8 | 23.0] 29.9| 33.0 | 27 
23.7 | 23.0| 29.9| 33.3 
i 18.8 | 22.0 | 29.4| 32.8 | 28 
20.0] 22.3| 29.6| 33.0 
i 14.5 | 20.8| 29.0| 32.5 | 29 
21.2 | 21.1) 28.8) 32.8 
i 7.5| 15.6| 27.0| 32.3 | 30 
Max...... -| 28.79) 29.65] 31.51) 34.82 
Ave.) Min. ...... 24.95| 28.66| 31.11) 34.55| Ave... 
Range...... 3.84/ 0.99) 0.40; 0.27 


Bare. 


| 29.60 


27.37 


30.60 


32.20 


31.83 


28.70 


27.07 


30.90 
31.03 


30.03 
30.47 


30.77 
30.77 


29.90 
30.27 


28.50 
26.73 


22.20 
25.63 


24.50 
22.93 


22.03 
20.83 


17.10 
16.27 


Compacted. 
Uncompacted. 


30.80 | 31.60 


29.73 | 31.67 


31.20 | 31.87 


31.93 | 32.00 


32.30 | 32.00 


32.20 | 32.03 


31.30 | 31.87 


31.63 | 32.07 
31.87 | 31.97 


31.33 | 31.93 
31.53 | 32.00 


31.63 | 32.07 
31.63 | 32.03 


31.13 | 31.60 
31.10 | 31.77 


30.40 | 31.75 
29.67 | 31.37 


28.60 | 31.10 
28.83 | 31.13 


27.57 | 30.93 
26.30 | 30.53 


24.77 | 30.33 
22.67 | 29.57 


21.37 | 29.20 
18.37 | 27.90 


Uncompacted 
and vegetation. 


27.13 | 29.20 | 31.30 | 34.70 


Maxmimum. 


bo 
a 


i} 
cw 


i 
= 


39 


34 
26 
23 


36 
33 
33 
36 


35 
41 


26 
27 


29 
21 


14 
30 


27 
23 


25 
10 


13 
18 


Air. 


Minimum. 


ay 


24 
18 


14 


16 


27.96} 13.80) 20.64 
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From an examination of the above table it will be seen that as a 
monthly average the soils covered with snow had a higher temperature 
than the bare. Indeed, the soil covered with the uncompacted snow and 
layer of vegetation did not freeze and its temperature was about 7°F 
higher than that of the bare, while the plots with the compacted and un- 
compacted snow were about 2 and 4°F warmer, respectively. 

The daily records show that whenever the air temperature fell very low 
that of the bare soil also would go down many degrees lower than that 
of the other soils. Thus, for instance, on January 30, which was a cold 
day the average temperature ranged as follows in the various plots: bare 
16.27°, compacted 18.37°, uncompacted 27.90°, and uncompacted with 
vegetation 32.60°F. While the minimum temperature for the same day 
ran as follows: bare 7.5°, compacted 15.60°, uncompacted 27.0°, and un- 
compacted with vegetation 32.2°F. The influence, therefeore, of snow 
upon soil temperature in the winter is very great. 


EFFECT OF TOPOGRAPHIC POSITION ON SOIL TEMPERATURE. 


Considerable is already known concerning the effect of topographic 
position on soil temperature. Since, however, it was resolved to in- 
vestigate the general subject of soil temperature as systematically and 
thoroughly as possible in order to arrive at definite and safe conclu- 
sions, a study of this phase was also conducted. This part of the in- 
vestigation consisted in making observations on soil temperature at 
various topographic positions, namely, at a south slope, north slope, top 
of a hill, at a river bank, and at a low land. All these points were lo- 
cated within a small area. The river was situated between the north and 
south slope. The altitude and angle of these slopes were of medium 
magnitude. The altitude of the hill, which was the top of the north 
slope was also comparatively small. The soil of the low land was muck, 
that of the other locations was a sandy loam. The temperature was re- 
corded three times a day, daily except Sunday, at 8 inches*depth, by 
means of soil mercury thermometers. The surface of all these soils was 
kept free from vegetation. The data obtained from this series of ob- 
servations are presented in Table 89. On account of limited space only 
the monthly maximum, minimum, amplitude and average temperature 
are given. 
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TABLE 89.—MONTHLY, MAXIMUM, MINIMUM, AMPLITUDE AND AVERAGE TEMPERATURE OF SOIL AT 
VARIOUS TOPOGRAPHIC POSITIONS. 


March. April. | May. 

1915. | | 
Max. | Min. | Diff. | Ave. | Max. | Min. | Diff. | Ave. | Max. | Min. | Diff. | Ave. 
South Slope.......... 40.15 | 34.84 5.31 | 37.24 | 56.89 | 47.29 9.60 | 52.32 | 61.28 | 52.78 8.50 | 57.42 
River Bank......... 34.02 | 33.02 1.00 | 33.44 | 49.99 | 45.27 4.72 | 47.33 | 54.75 | 49.82 4.93 | 52.42 
North Slope......... 37.28 | 33.88 3.40 | 35.39 | 55.00 | 46.64 8.36 | 50.93 | 58.44 | 51.44 7.00 | 55.11 
High Pomt....0...5.- 36:89 | 33.81 3.08 | 35.29 | 53.71 | 45.36 8.35 | 50.14 | 58.77 | 50.80 7.97 | 55.10 
Wow land sisecs 1c skis 34.33 | 33.51 0.82 | 33.91 | 47.28 | 45.25 2.03 | 46.24 | 54.82 | 52.27 2.55 | 53.69 

June July. August 
1915. 
| 
Max. | Min. | Diff. | Ave. | Max. | Min. | Diff. | Ave. | Max. | Min. | Diff. | Ave. 
| 
South Slope.......... 73.18 | 59.44 | 13.74 | 67.27 | 79.10 | 66.67 | 12.43 | 73.89 | 73.67 | 62.35 | 11.32 | 69.28 
Riverbank sotcee os 62.82 | 56.18 6.64 | 59.92 | 69.06 | 63.77 5.29 | 66.84 | 65.30 | 60.62 4.68 | 63.36 
North Slope......... 70.86.| 59.21 | 11.65 | 65.82 | 75.77 | 66.11 |. 9.66 | 71.78 | 71.37 | 62.65 8.72 | 68.00 
High Point......... | 72.38 | 58.73 | 13.65 | 66.44 | 76.59 | 65.82 | 10.77 | 72.24 | 72.78 | 61.55 | 11.23 | 67.92 
Rowlands occlceee 67.45 | 58.85 8.60 | 63.64 | 74.11 | 66.28 7.83 | 70.59 | 73.26 63.56 9.70 | 69.41 
September. October. November. 
1915. 
; 

Max. | Min. | Diff. | Ave. | Max. | Min. | Diff. | Ave. | Max. | Min. | Diff. | Ave. 
South Slope.......... ; 58.44 | 11.52 | 65.41 | 56.53 | 46.83 9.70 | 52.37 43.54 | 38.59 4.95 | 41.44 
River Bank. . 59.90 3.20 | 60.58 | 54.85 | 47.35 | 7.50 | 51.82 | 43.56 | 38.99 4.57 | 41.26 
North Slope. . z 58.53 | 10.47 | 64.94 | 57.10 | 47.32 | 9.78 | 52.86 | 43.67 | 38.63 5.04 | 41.56 
Mighebomt: eee sere 19. 57.50 | 12.20 | 64.60 | 54.77 | 46.08 | 8.69 | 51.07 | 43.69 | 38.31 5.38 | 41.06 
Miowsandse. 25 cen cen « ; 59.96 9.64 | 65.56 | 53.62 47.34 6.28 | 50.90 | 41.70 | 38.11 3.59 | 40.02 

1 | 


An inspection of the foregoing table shows that from March up to 
about September the average temperature of the south slope was about 
2°F higher than that of the north and top hill, about 5 or 6°F than that 
of the river bank, and about 4 or 5°F than that of the muck up to June. 
From October on all the different locations had practically the same 
magnitude of temperature. As a rule, the greatest amplitude occurred 
in the south and north slope and high point, and the smallest in the river 
bank and low land or muck. 

The daily records show that the temperature of the south slope would 
begin to rise earlier and faster in the morning during the spring months 
than that of the north. The reason for this is obvious. 

The marked influence of the slant of the surface with respect to the 
position of the sun on the soil temperature is even manifested on a culti- 
vated soil with a very rough and uneven surface. Observations made 
upon this point have yielded some exceedingly interesting and surprising 
results. Thus, for instance, it was found that that side of the lumps 
which faced the sun in the morning would possess as much as 5°F higher 
temperature than that side which was shaded. Even greater differences © 
than these were obtained between the shaded and unshaded sides of a 
dead furrow. If the soil was sandy, the side facing the sun would thaw 
almost completely and its temperature would rise several degrees above 
the freezing point before the opposite side began to thaw. 
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EFFECT OF UNDERHEATING ON THE SOIL TEMPERATURE 
DURING THE WINTER. 


It is a very general observation that the surface of a soil which is 
traversed underneath by a steam heat pipe is kept free from snow during 
the winter, and in the spring its vegetation commences to grow much 
earlier than that of the adjacent soil only a short distance away. The 
logical inference of these observations is that heat escapes from the 
steam heat pipe which keeps the surrounding soil warm. 

In the winter of 1915 it was decided to undertake a series of observa- 
tions to determine (1) to what extent the heat lost from a steam heat 
pipe, in the College Campus, keeps the soil immediately above warm, and 
(2) how far distant from the pipe the influence of the heat escaping will 
be felt. To obtain this information soil mercury thermometers were 
placed 3 inches deep, immediately over the pipe and at various distances 
apart, up to 10 feet, and temperature observations were made three 
tims a day throughout the winter. The pipe ran from one building into 
another and was very long, buried a little over a foot into the ground, and 
was very well insulated by asbestos, cement, etc. The data obtained 
from December up to and including April are presented in Table 90. 


TABLE 90.—EFFECT OF UNDERHEATING ON SOIL TEMPERATURE IN THE WINTER. 


December. January. February. 
1914-1915. 
Max. | Min. Diff. Ave. | Max. | Min. | Diff. | Ave. | Max. | Min. | Diff. | Ave. 
| | +4 | 
| | 

(i 52210 | oLol 1.19 | 52.15 60.35 | 57.46 2.89 | 58.82 | 68.04 | 63.68 4.36 | 65.88 
VEE Oe Bee eee eae 45.06 | 43.63 1.43 | 44.35 | 47.51 | 45.60 1.91 | 46.69 | 50.62 | 47.57 3.05 | 49.20 
Eel otis SA ae ae 38.01 | 36.90 1.12 | 37.41 | 38.17 | 37.05 1.12 | 37.68 | 40.05 | 37.88 2.17 | 39.04 
| EOE AS TCT OTE 35.60 | 34.79 0.81 | 35.13 | 35.64 | 34.75 | 0.89 35.20 | 36.78 | 35.35 1.43 | 36.04 
Cn ae pl pees aes oe 34.08 | 33.22 0.86 | 33.62 | 33.54 | 32.86 0.68 | 33,20 | 34.83 | 33.67 1.16 | 34.23 
iB she Sas Oe se eee 33.43 | 32.63 0.80 | 33.03 | 32.61 | 32.04 | 0.57 | 32.36 | 33.90 | 32.86 1.04 | 33.38 
SER rie Ree 2 ER: basins Tet te Dace tr ale oe fee are cant tae. | es panier Sele ae pe 7 |G eee Lye ae 

| 

March. April 

1914-15. 
Max Min. | Diff | Ave Max Min. Diff Ave. 

Ue ae le igre eae EE ac tD Re OM RSENS ede) Be 99.02 | 91.90 | 7.12 | 96.02 | 83.87 | 72.96 | 10.91 | 79.65 
Thi AALS Pe mE RIE ties pees CN Rahal 71.23 | 65.48 | 5.75 | 68.79 | 75.87 | 66.70 9.17 | 72.40 
Be eras os ets, ov Ra tk eo Soe eee 52.72 | 46.47 | 6.25 | 50.09 | 67.43 | 59.02 8.41 | 64.30 
ee Se Re Dt Seer Rote ice Se ns nae 42.94 | 38.21 4.73 | 40.67 | 61.77 | 53.33 8.44 | 58.39 
Gime rt oe se carara crctate clare clare site Se ccke ae PGRoe eete 42.83 | 37.62 5.21 | 40.55 | 59.24 | 50.68 9.56 | 55.59 
exces COCO EES ORO BRAC Soe oe ot aa ee 40.74 | 35.95 4.79 | 38.52 | 56.24 | 46.60 9.64 | 52.28 
hes 5-2 a SD, SOO A Pe 39.38 | 35.24 | 4.14 | 37.20 | 55.95 | 45.90 | 10.05 | 51.93 
Dem e BR DS scale kates aes-5 seis bide Gatto E ae oe eed 38.15 | 34.17 | 3.98 | 36.14 | 55.45 | 45.33 | 10.12 | 51.39 


The winter of 1915 was very cold, but in spite of that the heat escaped 
from the steam heat pipe kept the temperature of the soil immediately | 
above very high, from 50 to 65°F, and even prevented the soil 7 feet 
away from freezing. Indeed, even at a distnce of 10 feet the soil tem- 
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perature was perceptibly influenced. Since the heat traveled in both 
opposite directions, then a lateral path of 20 feet was kept warm, but 
the degree of warmth, of course, decreased inversely with the distance. 

As already stated, these temperature records were taken at 3-inch 
depth. Ata lower depth, the magnitude of temperature would be greater 
at the respective distances. 

It will be readily realized that the foregoing data are of considerable 
practical importance. 


CONCLUSIONS. 


The soil temperature has been studied at this Station for four years. 
The results of the investigation for the first year have already been pub- 
lished in a previous report. In the present report there are presented 
the data obtained in the following three years and the general conclusion 
that might be deducted from the entire investigation. 

The number of factors influencing the temperature of soil is very great. 
These factors may be divided into two main groups, (1) the intvrinsic, 
and (2) the external. The intrinsic factors are those contained by the 
soil and include the specific heat, heat conductivity, radiation, water 
content, evaporation of water, concentration of soil solution, topographic 
position, condition of surface, ete. The external factors comprise the 
metereological elements and include the air temperature, sunshine, wind 
velocity, barometric pressure, rainfall, etc. The temperature of soil, 
therefore, is controlled by and is the resultant of these intrinsic and ex- 
ternal factors. Part of these factors of both groups favor a high soil 
temperature and part a low, and whichever class predominates de- 
termines the degree of soil temperature at any time. 


The intrinsic factors play a passive and the external an active role. In 
other words the intrinsic factors tend to remain passive but are acted 
upon by the external factors. Hence, the degree of soil temperature is 
almost wholly controlled by the external factors and especially the air. 
temperature, but modified by the intrinsic factors. Inequality in tem- 
perature, therefore, in the different kinds of soil during the same day will 
depend upon the intrinsic factors but variation in temperature in any 
soil in succeeding days or-seasons will depend upon the external factors. 

All soils possess practically the same intrinsic factors but in different 
degree. Witness, for example, the great disproportionality between sand 
and peat. Indeed these soils possess most of the intrinsic factors in 
opposite degree. Thus for example, peat has black color, low heat 
conductivity, a high water-holding capacity, etc. These same properties 
exist in sand in almost exactly the opposite degree. Hence a law of com- 
pensation intervenes. 


This unparallelism of the various intrinsic factors in the different 
kinds of soil tends to give the latter an equal degree of average tem- 
perature. In other words each type of soil possesses the various intrin- 
sic factors in a compensating or neutralizing degree and consequently 
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they all tend to have the same average temperature under the same 
meteorological elements. 

In excessive degree, however, certain of the intrinsic factors predomi- 
nate and cause a variation in the temperature of the diverse classes of 
soil. The factors which are almost always responsible for differences in 
temperature that may exist in the different kinds of soil are the follow- 
ing: (1) latent heat of fusion of ice, (2) latent heat of evaporation of 
water, (8) a covering of the surface soil, (4) color, and (5) topographic 
position. All these factors are able to exert either an ephemeral or last- 
ing predominant effect upon the temperature of the soil which possesses 
them. 

The line of thought thus far developed is supported by the results ob- 
tained from the various experiments conducted under natural conditions. 

The field studies on the temperature of different types of soil, namely, . 
gravel, sand, humus loam, clay, and peat at 6, 12 and 18-inch depths, 
showed that when the surface of all these soils was covered with a thin 
layer of sand they had almost exactly the same average temperature 
throughout the year except during a short period in the spring when 
thawing was taking place. 

Thawing would usually commence about the end of March or beginning 
of April. The sand and gravel would thaw completely first, followed 
by clay and loam, one or two days later, and peat ten or fifteen days 
later. Immediately upon complete thawing the average temperature of 
the mineral soils would rise rapidly and approach the same magnitude in 
about three or four days. Meantime the average temperature of the 
peat would be far below, on account of the slow rate of thawing. As 
soon, however, as it was also completely thawed its temperature would 
rise very rapidly and would approach, in a few days, that of the mineral 
soils. The average temperature then of all the soils would be remarkably 
the same from this period on throughout the summer, fall and winter 
months until the next thawing period. 

During the summer months the peat would have a monthly average 
temperature of a few tenths of a degree higher than the mineral soils. In 
the fall, however, the sand and gravel would possess a slightly higher 
monthly average temperature than the peat. 

Whenever rapid and sudden changes of air temperature occurred the 
sand and gravel would warm and cool the fastest, followed by clay, loam 
and peat, respectively. The equilibrium or equality, however, would 
quickly be reestablished. 

The degree of amplitude was greatest in sand and gravel, somewhat 
smaller in loam and clay, and least in peat. The highest fluctuation 
occurred in summer and the lowest in winter. 

The maximum temperature was approximately the same for all types 
of soil, after complete thawing had taken place, but the minimum varied 
somewhat; it was lowest in sand and gravel, slightly higher in clay and 
loam, and highest in peat. Even during the winter, the minimum varied 
only slightly in the different soils. During a sudden severe cold weather, 
however, the minimum of the sand and gravel would fall appreciably 
lower than that of the peat, but the differences would not be very great. 

The equality of average temperature in the diverse classes of soil, 
therefore, was not made up of extreme variation in the maximum and 
minimum temperature between them, i. e., a very high maximum and 
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low minimum in one soil and a low maximum and high minimum in 
another. 

The uniformity of average temperature throughout the year except 
during the short period in the spring when thawing was taking place, 
of the different types of soil when their surface was covered with a thin 
layer of sand, is really remarkable. It shows that there was only one 
intrinsic factor, the heat of fusion of ice, which predominated and caused 
a variation in their average temperature and especially between sand or 
gravel and peat. All the other intrinsic factors existed in such a com- 
pensating degree and order in these different kinds of soil that they 
caused and maintained in them an equal magnitude of temperature, after 
complete thawing took place. 

When these same types of soil, however, were not covered with a thin 
layer of sand but their natural surface was allowed to be exposed to 
the atmosphere somewhat different results were obtained. Their average 
temperature, instead of being equal throughout the year except during 
the process of thawing, was about the same only during the fall and 
winter months, but varied somewhat during the spring and summer 
months. During the latter seasons the sand and gravel would have the 
highest average temperature, the clay and loam slightly lower, and peat 
the lowest. The difference, however, between the mineral soils was com- 
parativly small, but the variation between the sand or gravel and peat 
was quite appreciable, especially in the early spring when thawing was 
taking place. By the commencement of fall, however, these differences 
would disappear and all the soils then would have the same magnitude 
of average temperature, and would continue to be equally warm until 
the next thawing period, in almost exactly the same way as when they 
were covered with the thin layer of sand. In the spring the peat would 
not thaw and its temperature would not approach that of the mineral 
soils after complete thawing, as rapidly as when its surface was coy- 
ered with the thin layer of sand. x 

Besides the average temperature the order of the maximum and mini- 
mum temperature also differed in the various types of soil under the 
two surface conditions. As previously stated when the surface of these 
soils was covered with a thin layer of sand their maximum temperature 
was approximately the same in all of them, but the minimum varied 
somewhat; the sand and gravel would usually be the coldest in the 
morning followed by clay, loam and peat, respectively. But when their 
surfect was not covered, this order of the maximum and minimum 
temperature was just reversed. 

The inequality in average temperature during the spring months, after 
complete thawing had taken place, and also during the summer months, 
of the different types of soil when their natural surface was allowed to 
be exposed to the atmosphere, indicates that there was one intrinsic 
factor, the heat of evaporation of water, which predominated and caused 
the variation. The clay and loam, and especially the peat having a 
greater percentage of water than the sand and gravel, lost more water 
by evaporation than the latter and consequently their average tempera- 
ture was kept correspondingly lower. When the surface of all the soils, - 
however, was covered with the thin layer of sand, the excessive evapora- 
tion of the clay, loam and peat was reduced and consequently their 
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average temperature was raised to the same magnitude as that of the 
sand and gravel. 

There are good reasons to believe, that a cover of growing vegetation 
would cause identical equality of average temperature in the diverse 
types of soil as the cover of sand. Hence, variations in temperature that 
are observed in these soils in bare condition, may not exist when they 
are under crops, i. e., after complete thawing has taken place. 

The remarkably even magnitude of average temperature of the different 
types of soil, both when their surface was covered and uncovered, in the 
fall and winter months, is of the greatest interest. It shows that there 
was no one single factor during these seasons, not even the specific heat 
of water, which had a predominant and controlling influence in causing 
these various soils to cool differently and be unequally warm. 

The rapidity with which the clay and loam thawed and the rise of 
their temperature to the same degree as that of sand and gravel in such 
a short time, both when their surface was covered and not covered with 
sand, contradicts the exaggerated general belief that these soils possess 
a greatly lower temperature during the spring and therefore should be 
classed as cold soils. This last term, however, may be justly applied 
to peat, especially when it is not covered with sand. 

There was some heat coming to the surface during the winter from the 
lower and warmer depths which tended to keep the temperature of the 
upper depths higher, and aided in the thawing and raising the tempera- 
ture in the spring. The average air temperature was lower than that of 
any soil at the 2, 4, 6, 12 and 18-inch depths, throughout the year. The 
amplitude of the air temperature, however, was far greater than that of 
all the soils at any of the above depths, also throughout the year. 

The maximum temperature of all the soils at one quarter of an inch 
depth was about 30°F higher during hot and clear days than that of the 
air at an elevation of four feet. 

The minimum temperature of all the soils except peat, however, imme- 
diately at the surface was only about 1 or 2°F higher, as a monthly aver- 
age, than that of the air at a height of four feet. That of the peat 
was slightly lower than that of the air. 

Unless the various soils were frozen they always had a gradient of 
temperature at their adjacent depths. This gradient of temperature, 
however, reversed itself between day and night during the warm part of 
the year to the depth that the diurnal-nocturnal amplitude of oscillation 
of temperature extended. During the day it decreased from the surface 
downward and during the night the reverse was true. There were two 
periods, one in the morning and one in the evening, when the reversion 
took place, that this gradient was not regular. During the day, at the 
time that the maximum temperature was attained at the surface, this 
gradient was very large at the adjacent dephts, the difference between 
the surface and the 6-in. depth being sometimes as high as 30° F, but 
during the night at the time when the minimum was reached at the 
surface, it was comparatively small, the greatest differences between the 
same depths being only about 10°F. 

The soils, down to the depth that the diurnal-nocturnal amplitude of 
oscillation of temperature extended, received their temperature in the 
form of waves. There were, of course, two types of waves, a warm and a 
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cold. Both of these classes of waves penetrated the soils in gradual 
increase of intensities of temperature. 

The rate at which the maximum and minimum temperature waves 
traveled through any particular soil tended to follow approximately a 
mathematical law. This law may be stated thus: The lag of the maxi- 
mum and minimum epochs tended to be approximately proportional to 
the depth, in all the different types of soil. 

The decrease of the diurnal-nocturnal amplitude of temperature with 
the increase in depth also followed a mathematical law in all the diverse 
types of soil and indeed the geometric progression law. This law may 
be stated as follows: The diurnal-nocturnal amplitude of oscillation of 
temperature decreased in geometric progression as the depth increased 
in arithmetric progression, in all the different types of soil. 

The four years’ data obtained on the temperature of sand to which 
was added different percentages of organic matter (peat) showed that 
during the fall and winter months all these soils had approximately the 
same degree of average temperature but in the spring and summer 
months it varied somewhat. During the latter months the sand which 
received no organic matter and had a white-colored surface and the peat 
had about the same and lower average temperature than the other 
soils which were treated with various percentages of peat. 

In the spring all the treated and untreated mineral soils would thaw 
first and approximately at the same time, the peat, however, would thaw 
last and several days later. 

The amplitude of temperature at the 3 and 5-inch depths was high but 
approximately of equal degree in all the treated and untreated soils, but 
comparatively low in the peat. 

The higher average temperature of the sand to which was added various 
quantities of peat during the spring months after thawing, and in the 
summer months, over the sand which received no peat and had white- 
colored surface, and the peat, goes to prove that the white color reflected 
so much of the solar energy that it kept the temperature of white sand 
low in spite of the many other intrinsic factors which are favorable for 
a high temperature. On the other hand a large amount of evaporation 
of water predominated over the high heat absorptive power of the black 
color and consequently kept the temperature of the peat also low. Soils, 
however, possessing these properties in medium degree maintained a 
higher average temperature during the same periods. 

The general belief that there exists a large difference in temperature 
between a cultivated and uncultivated soil is much exaggerated. The 
observations conducted for four years show that the uncultivated soil 
had practically the same or only a few tenths of a degree higher tem- 
perature during the spring months than the cultivated, and only about 
1°F higher during the summer months. During the fall and winter 
months there was hardly any difference. 

There did exist, however, a very marked difference in average tem- 
perature between thse two bare soils and one covered with growing 
vegetation. The data show that immediately upon the commencement 
of growth of the vegetation the temperature of the sod or grass land 
would become decidedly lower than that of the cultivated and unculti- 
vated soil. The maximum difference would be reached in June and July 
when the sod soil at the 7-inch depth for instance would be about 6°F 


“ 


EXPERIMENT STATION BULLETINS. 815 


colder than the bare soils. This difference, however, would become 
smaller and smaller so that by September it would entirely disappear 
and by October the order would be reversed; the bare plots would be- 
come colder and the sod warmer. The latter would continue to have a 
higher temperature throughout the fall and winter months. 

A cover of vegetation, therefore, had a very large controlling in- 
fluence upon the soil temperature; during the warmest part of the year 
it kept the soil cold and during the coldest part, warm. Indeed, a cover 
of vegetation is one of the most efficient and expedient means of pro- 
tecting the soil against extreme low temperature during the winter. 

Like the vegetation cover, a thick layer of snow is also a most efficient 
agent for keeping the soil warm in the winter and preventing it from 
attaining extreme low temperature during severe cold weather. Obser- 
vations made for four years upon this subject showed that in excep- 
tional cold weather the soil covered with a vegetation cover and a layer 
of snow would have 25°F higher temperature than a bare soil at 38-inch 
depth. 

Certain topographic positions have a marked controlling influence 
upon the soil temperature. A southern exposure had about 2°F higher 
average temperature than a northern during the spring and summer 
months, but during the fall and winter months both locations would be 
equally warm. The soil temperature at a river bank was far below that 
of the south and north slope during the spring and summer months but 
slighthly higher during the fall and winter months. 

The marked influence of the slant of the surface with respect to the 
position of the sun on the soil temperature is even manifested on a culti- 
vated soil with very lumpy and uneven surface. The sides of the lumps 
or dead furrows facing the sun in the morning had a higher temperature 
than those shaded. 

The heat escaping from a well-insulated steam pipe buried about a 
foot into the ground influenced the temperature of the surrounding soil 
to a considerable extent. The temperature of the soil was highest im- 
mediately above the pipe and diminished with increase in distance. The 
influence was felt and the soil was prevented from freezing to a distance 
of about 10 feet on each side, making a total lateral distance of about 
20 feet. 

Speaking broadly, the ability of man to control or influence the soil 
temperature under field conditions, one way or the other, is greatly 
limited. Since the temperature of the soil is finally dependent upon 
the meteorological elements and especially upon the air temperature, 
which are beyond his control, all he can do is to vary some of the in- 
trinsic factors and thereby modify somewhat the degree of soil tempera- 
ture, either temporarily or permanently. The factors which are in his 
power to modify in order to hasten the rise of temperature in the spring, 
- which is the most important time, are: (1) draining the soil from an 
excess of water, (2) creating a dark color at the surface, (8) covering the 
surface of these soils prone to low temperature with a thin layer of 
sand, and (4) compacting the surface of the cultivated soil. 

A fulfillment of the above factors except (1) would probably be of 
some benefit only if the planting is to be done in the spring. If it is 
already accomplished in the fall so that the plants have already begun 
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to shade the ground then the creation of conditions (2), (8), and (4) 
would be of practically no important benefit. 

Furthermore, by creating conditions (2), (8), and (4) the temperature 
of the heavy types of the mineral soils could hardly be increased more 
than 2°F; that of the peat, however, could be raised almost twice this 
amount. The practical importance of this comparatively small increase 
in average temperature, therefore, would depend upon the sensitiveness 
of the germinating seed and growing plant upon the temperature and 
upon the time of the growing season. 

Again, it must be remembered, that it is not only the soil temperature 
that influences the growth of plants, but the air temperature as well. 
Hence, if the air temperature is the same over a certain area then the in- 
fluence of small variation of temperature that may exist in adjacent 
different types of soil would be of lesser significance. 

Some of the intrinsic factors which man can modify to bees the soil 
warm or protect it from extreme low temperature in the winter are: (1) 
covering the soil with straw or any other material, and (2) heating the 
soil. 

Man can regulate the soil temperature far easier, more successfully and 
probably with far greater practical results during the cold part of the 
year than at any other other time. 
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THE FREEZING POINT METHOD AS A NEW MEANS OF DE- 
TERMINING THE NATURE OF ACIDITY AND 
LIME REQUIREMENTS OF SOILS. 


Technical Bulletin No. 27. 


INTRODUCTION. 


Perhaps no other single subject in soils is receiving at present more 
attention and investigation than that of soil acidity. Again, probably 
no other soil problem is so rich in laboratory methods’ as the acidity of 
soils. Both of these facts unmistakably go to indicate that the subject 
per se is of urgent importance and that probably none of the present 
methods is proving entirely satisfactory for its solution. 

That the subject is of great and urgent practical importance can scarcely 
be questioned. It appears now to be an established fact that the so- 
called acidity of soils is proving to be a limiting factor in crop growth, 
at least for many agricultural plants, and that the infertility of many 
soils, in part or in whole, may be safely attributed directly or indirectly, 
to this factor. The necessity, therefore, of correcting this acid condition 
of soils and thereby rendering them more efficient and productive, is of 
paramount importance. 

Experience has shown that when the acid soils are treated with lime in 
its various forms the growth of some crops is greatly increased, while 
that of others, very little if any. This has led to the logical conclusion 
that the acid condition of soils affects the various plants differently. 

Since this is true, then it would appear that probably no soil acidity 
laboratory method could ever be expected to tell exactly to what extent 
the soil acidity should be corrected by the application of lime. This 
point would have to be settled by field experiments. 

Most that a soil acidity laboratory method might ever be expected to 
do from the practical standpoint, is to show the maximum lime require- 
ment of soils and then apply the lime according to the crops planted. 
Any soil acidity laboratory method, therefore, that would be able to indi- 
cate definitely and correctly the maximum lime requirement of soils, 
would be of the greatest value. 

It appears very doubtful if any of the present soil acidity methods 
gives the true lime requirement of soils. Thus, take the Veitch method 
which is quite generally considered to be probably the most satisfactory 
from the practical standpoint, i. e., it comes closer in indicating the true 
lime requirement of soils than any other method, although many of the 
other methods show almost identical results. A: critical consideration 
of the nature of the soil mass and the kind of indicator employed seems 
to point very strongly to the fact that this method probably does not 
indicate the totnl maximum lime requirement of soils. A consideration 
of the soil mass shows that it is composed mainly of silicates of the 

(1) It is not deemed necessary to review the numerous soil acidity methods that have been pro- 
posed, since several of the recent articles on soil acidity contain quite complete reviews of these different 
methods. Perhaps the most complete resume of all the various soil acidity methods is contained in 


a recent bulletin written by Dr. W. Frear entitled: Sour soils and Liming. Bulletin 261, Dept. of Agr., 
ceca mM Ty be Pennsylvania. 
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metals aluminum, iron, calcium, potassium, sodium, and magnesium. 
These silicates are salts of strong bases with weak acids, and being some- 
what soluble in water are greatly hydrolyzed. Upon hydrolysis the acid 
remains more or less in an insoluble form while the bases go readily into 
solution. Now it is a well known fact that the strength of the bases and 
acids has a very marked effect upon the indicators commonly employed 
for determining the end point of neutralization. Thus, for example, 
phenolphthalein cannot be used with weak acids or weak bases. If the 
acid is so weak that its salts, even with strong bases, are hydrolyzed, 
the free base begins to react with phenolphthalein long before enough 
base has been added to completely neutralize the acid. The result is the 
appearance of a faint color on the addition of a little alkali. In the 
Veitch method phenolphthalein is employed as the indicator. Now it 
is readily evident that if the soil contains soluble weak acids consisting 
of silicic and organic acids, the alkali color begins to manifest itself long 
before enough of the base is added to completely neutralize all the soluble 
weak acids present. The result is that the soil shows a low lime re- 
quirement and consequently its true maximum lime requirement will not 
be known. 

As it will be subsequently shown, however, the acidity of the mineral 
soils appears to be due almost entirely to the acid alumino-silicates, 
silicic acid, and silica, and that the mineral soils rarely if ever contain 
permanently free soluble acids. Consequently the above objection to 
using phenolphthalein in the Veitch method is neither absolutely valid 
nor so serious. The aforesaid objection, however, would hold true in the 
hydrolysis of the minerals. As already stated these silicates or silico- 
minerals upon hydrolysis yield soluble bases and more or less insoluble 
acid. If the bases are present even in small quantities they will give a 
neutral or alkaline reaction both to the phenolphthalein and litmus 
paper, even if the silicates are far from being completely neutralized, 
or satisfied with a base. This is due of course to the high ionization of 
the bases and consequently to their strong reaction upon the indicator 
as compared with the almost negligible ionization of the acid and there 
fore its extremely weak reaction upon the same indicators. It is very 
possible to have a soil which would be neutral according to the Veitch 
method and litmus paper test and yet this soil may possess a large 
amount of negative or inactive acidity, as it is generally termed, i. e., the 
acid radical of the soil, which is composed almost entirely of alumino- 
silicate, silica and silicic acid, is far from being entirely satisfied with 
bases. 

A simple experiment, which apparently would seem to demonstrate the 
validity of the above statements and at the same time help to make the 
point.in question more clear, may be cited as follows: If to 1 gram of 
pure silicic acid is added 10 c. c. of distilled water and the mixture 
stirred and a blue litmus paper is placed into it, the color of the litmus 
paper will shortly turn decidedly red. If now to this mixture is added a 
few drops of N/25 Ca(OH), the red will shortly turn faint blue or net- 
tral and continue to remain faint blue or neutral. Yet this one 
gram of silicic acid requires nearly 80 c. c. N/25 Ca(OH), to 
be fully satisfied before the Ca(OH), can remain in solution to. 
affect the concentration of the liquid phase, and therefore, also the 
freezing point depression. In other words, the Ca(OH), added to the 
silicie acid immediately combines with it to form calcium silicate and 
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thereby is removed from the liquid phase. The Ca(OH), which is in 
solution is that only which is due to hydrolysis of the calcium silicate 
compound. When the silicic acid, however, is fully saturated or satisfiea 
with the Ca(OH), then the hydrate will remain in the solution and affect 
the freezing point depression. In spite of this tremendous amount of 
lime absorption or requirement by the silicic acid, a neutral reaction is 
attained, according to the phenolphthalein and litmus paper indicators, 
when only about one-hundredth of the amount required is added. 

_ That the hydrolisis of the soil minerals and the effect of the result- 
ing products upon the phenolphthalein indicator play a large role in the 
estimation of the lime requirement of soils by the Veitch method seems 
to have been recognized by Veitch himself, although he does not appear 
to have attached any serious consequences to the matter. Veitch found 
that the length of time the treated soil was allowed to stand had con- 
siderable effect upon the lime requirements.?2 When the solution was 
allowed to go on from 48 to 72 hours the pink color with phenolphthalein 
was developed with less added lime water than when the solution was 
allowed to stand 16 hours or less. Furtheromer, Veitch found that some 
soils which were acid when allowed to stand 16 hours gave an alkaline 
filtrate when permitted to stand 24 to 48 hours longer. 

Any one who has tried to test soil acidity with the litmus paper test 
will doubtless have noticed that many soils, even those which show lime 
requirement by the Veitch method, will turn the red litmus pink or 
neutral on long standing, especially when the soil is treated with an ex- 
cess of water. This phenomenon can safely be attributed to hydrolysis. 

Veitch’s method calls for treating the soil with water and Ca(OH), 
and then drying down at once on a steam bath. Now it is a well known 
fact that hydrolysis is appreciably increased by a rise in temperature. 

Even practical experience seems to indicate that the Veitch method 
may not be showing the true maximum lime requirement of soils, and 
consequently the proper amount of lime may not be applied to the soils 
for the successful growth of crops. Thus, for instance, in a recent paper 
by Ames and Schollenberger of the Ohio Experiment Station*, it is shown 
that the soil of some of the experimental plots, which was limed a long 
time ago, is now almost neutral or alkaline according to the Veitch 
method, yet the growth of clover will be materially benefited by an appli- 
cation of lime. In speaking of the possible usefulness of the various. 
methods for comparative purposes when different soil treatments have 
been made, Ames and Schollenger make the following statement: “If 
either the Hopkins or the Veitch test were used to obtain a figure for 
the limed soil’s requirement, the results would lead to erroneous con- 
clusions, because the Veitch method indicates that the limed halves of 
all the plots are alkaline....” Yet an application of lime to these plots 
will materially benefit the growth of clover. . 

The behavior of the Veitch method towards this soil which was limed a 
long time ago but with amounts which were evidently too small, since 
the growth of clover will be enhanced with further applications, is in 
perfect agreement with the theory of hydrolysis and the reactivity of the 
hydrolyzed products upon the phenolphthalein indicator, as already set 
forth. 

Thus far an attempt has been made to show that probably none of the 


(2) Jour. Am. Chem. Soc. 24 (1904), 637. 
(3) Jour, Ind, Eng. Chem. 8 (1916), 243. 
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methods now in vogue are capable of indicating the total maximum lime 
requirement of soils. The Veitch method has been mainly taken into the 
discussion because it is generally considered to be the standard method. 
The other methods are based upon different principles and although the 
individual criticisms would accordingly vary, yet the main and important 
criticism, namely that they may not indicate the total maximum lime re- 
quirement of the soils, is the same. It will have been noticed that 
nothing has been said concerning the empirical nature of these methods, 
the comparatively slight variations in methods of procedure affect the 
result obtained markedly. The errors arising from this source, how- 
ever, serious as they may be, are insignificant in comparison with the 
above main objection. 

It is hoped that the foregoing critique will not be considered as a con- 
demnation of any of the soil acidity methods, and especially of the 
Veitch method! Indeed that is far from being the intention and desire 
of the writer. He fully realizes and acknowledges their usefulness. In 
offering these criticisms it is done with the firm belief that they are based 
upon fundamental principles and experimental data; and incidentally 
to emphasize the need of some new method which will indicate definitely 
and accurately the true lime requirement of soils. 


In employing the freezing point method to measure the concentration 
of the soil solution directly in the soil; the effect of the application of 
fertilizers upon the concentration of the soil solution*; the concentration 
of the cell sap directly in the plant tissue’; and the effects of biological 
activities directly in the soil®, the idea occurred that the freezing point 
method might also be employed to determine or study both the nature of 
soil acidity and the lime requirement of soils. It was reasoned that if 
the soil contains a free soluble acid, this acid would possess a definite 
freezing point depression at a certain concentration. Upon titrating this 
acid with a base, such as Ca(OH),, a salt would be formed. This salt 
would probably possess a different freezing point depression from that 
of either of the reacting agents. The depression then should vary as 
more and more of the lime is added to the soil until the neutralization 
point is reached where the formation of the salt is completed and then 
the direction of the depression should change. If on the other hand, the 
soil does not contain a free soluble acid but possesses an absorptive 
power for lime, due to its unsaturated or unsatisfied silicate compounds 
and organic matter, then the depression of the freezing point of the soil 
should remain the same as more and more lime is added until these sili- 
cate compounds and organic matter are satisfied with the base, and then 
it should increase with further addition of Ca(OH),. Finally, if the 


soil is alkaline or already saturated with bases, then the depression ~ 


should begin to rise immediately upon Ae a small amount of Ca(OH), 
to the soil. 

Happily all these a priori predictions were actually and experimentally 
realized in soils exactly as they are described above. 

The freezing point method then promises of being capable to perform 
three functions simultaneously: (1) to indicate whether or not a soil 
needs lime, (2) the quantity it requires, and (3) the nature of its acidity. 

(4) Tech. Bul. 24, 1915, geeeh, Expt. Sta. 


(5) J. Am. Soe. Agr. 8, 
(6) Science, 44, 65, 1916. 
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Using the Veitch method as a standard for comparison, the freezing 
point method shows that the soils and especially the loams, clays and 
mucks or peats, require far greater amounts of lime to satisfy completely 
their unsaturated compounds than the former method does. It appears 
that this maximum requirement as obtained by the freezing point method . 
represents the true lime requirement of soils. By true lime requirement 
is meant the total maximum amount of lime required by the soils to 
neutralize any of their soluble acid or acid salts, and to satisfy their 
absorption-adsorption phenomena for Ca(OH),. 

While the freezing point method probably indicates the true lime re- 
quirement of soils, no claim is made that it is necessary to add all that 
amount of lime to the soils; this point will ultimately have to be decided 
in the field, using the plant as the indicator. As previously intimated, 
probably no laboratory method, including the freezing point method, 
could ever be expected to designate definitely how much lime should be 
added to the soil. This is clearly obvious from the fact that the plant 
is used as an indicator to determine the effects of acidity and basicity 
upon its growth, and since it is found that different plants are affected 
differently by these qualities. All that a laboratory method might ever 
be expected to do, at least from the practical standpoint, is to show the 
maximum lime requirement of the soils and then apply the lime to these 
soils according to the requirement of the crops planted. This certainly 
appears to be the most rational and intelligent procedure. However, the 
experience of various observers goes to indicate very strongly that heavy 
applications of lime increase the growth of most crops very markedly, 
and these quantities are in accordance with those indicated by the 
freezing point method. 

In the present bulletin, therefore, there is presented the freezing point 
method as a new method for determining the lime requirement of soils 
and possibly the nature of their acidity; also the principles and descrip- 
tion of the method; and some of the experimental data obtained. 


PRINCIPLE OF THE METHOD. 


As already stated the principle of the freezing point method for de- 
termining the nature of soil acidity and lime requirement is based upon 
the following facts: (1) That if a soil contains a soluble acid or acid 
salt its freezing point depression decreases more or less regularly and 
gradually with the increase in the amount of Ca(OH), added until the 
points of neutralization and saturation are reached and then it begins 
to increase. (2) If on the other hand a soil contains neither a soluble 
acid nor an acid salt but possesses an absorptive power for lime, due 
probably to the unsatisfied silicate compounds and organic matter, the 
freezing point depression remains constant as more and more of Ca(OH), 
is added to the soil, until the absorptive power is satisfied and then the 
freezing point depression commences to rise. (3) Finally, if the soil 
contains neither a free soluble acid or acid salt, nor an absorptive power 
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for lime, i. e., it is already alkaline and satisfied, then the freezing point 
depression starts to ascend almost immediately upon the addition of a 
small amount of Ca(OH),. These principles are clearly illustrated by 
the following examples. 

The first principle, that the freezing point depression of a soil contain- 
ing a soluble acid or acid salt decreases with increased amount of 
Ca(OH), added until the point of neutralization is reached and then 
begins to increase, was established (1) by pure acids and acid salts, 
and (2) with soils to which were added acids and acid salts. 
In Table 1 there are shown the freezing point depressions of HCl, H,SO,, 
H,C,O, and Al,(NO,), in pure solutions titrated with Ca(OH),. These 
results are graphically represented in figures la, 1b, le and id. In 
order to avoid the factor of dilution of the reagents, the acids and acid 
salts were sufficiently diluted to make their freezing point depression 
much smaller than that of the Ca(OH), whose depression was .105° C. 
It should be stated that the results below are presented solely to illustrate 
the principle and not necessarily the exact neutralization point. 


TABLE 1. THE FREEZING POINT DEPRESSION OF HCl, H2SOs, H2C201 AND Alh(NOs)6 
TO WHICH WERE ADDED DIFFERENT AMOUNTS OF Ca(OH):. 


Reagents. ; ‘ Depression 

FV GU ke hk siacaba ts oom a. bide aleve so /ecouele eye byes teusue gaye leiaie b, ouehone jo elttvallere ote) p:teias faite teeta tastes ane tet oe ee -055°C 
Dus B*e;. Cx’ Cal(OM Yee Foi cbace | erewyie eh tins aceteie b svarerel eqs abe Sia ayia shakes rel lata) ota oleae ean -045 
plus: TeiG. Ca(OH) 2 sate. os, ce ks ovepanele wieiw: olaale 'o tie ee foe ele ote eae nabe eral ele ete aie ae ee en 040 
pelibicie Mroace CF (0) ) eee ren i Acar re Menon Artin oat core ose obec co. 039 
Plus We]: CF CaO) a oy ee hele: roves n io lt lorwffonds «op nn, « ohenoter eels alousteretelnls eaten ane earele ge tein 041 
plus! Lies 6 Ca(OH) ai. aeiie cay ssicloiorcustetdionts Vere oheyer eheteuets oleye. opel elena Cela: kee eee 045 

DS Or 0) eee eer nne sneer eter e ere Pt sei erent ic Ae taiG Oo laid Gickditn no TOA ADO ae .040°C 
PLUS 1326.0. Ca(OH) 25s ie suajsle-cocisraparetev SiapeToheaehanayeters re ehe tse etic eats tallaleceta le tate ene Rate nena -021 
plus '2:e76F Ca (OED) a. joao his cusastaten oie oie eae! alael dt nee cia tete) & ausnee, operaiel sic hatchet haha ae .010 
DUS Bic. C:4Sai (OD) a rig Wea ld Selene o ohel otha alas ol euceiayenarelepapee. Sreselerovoe Cake ee -000 
PLUS Cri. (Ca (OB) ae ors coord. wie yehgraseraiisyny herons oe sr evoncucal oenemehe Re levieg severe tel oie Neher ooo ane eee -002 
plus 5 Clie. Ca(OH) ass... cere! s sicuaussove are cetera mtaverioncigls Geena te Ce ee eee .025 

BReSO tee os otek obs oo ihe PRS BE vn seo die Gate ae SRE OEE meee bel Ore Che Sea eee ee .048°C 
Plus 3.6, CS Cal(OD oF i.e Weeraeesedeve woaiss's ha tue areas eragedeye ecaketaisl ofa eo eter ieee eee -030 
plusike. ic <Ca(OM) 2halrvcs occ ence coe ee Sh dleuene evel anevete gyeiois, eine iia el alate ete .029 
TORE We CE (Ol OMS Gaon conto solos OuoC do Gnvo aes Snub eeu tocbaooo89- ro oning ott 
plus 4. exey Ca (OM as onan oS clic ar ace Seotecetal ale ovetelele lsnanel separ edhe cuore Coenen eee ena .046 

PATS GN Oia) 6 snk reeds ew eke sacar Mi teieave wee a eiln’ itaveve Gi a-SueNeenete ot Sale eae letroeode sells, e ranaaie Sona vere eae 060°C 
DlWS (23°C. Ca (OM) a vic: <5 sjavctore share acerale » oe Slaps wldlenee din ho ae isto ee ae 057 
plus:4'e.¢.'Ca(OM) sem oils. ccs we evs od atte Hee Sate ele here Sie oe ee ee 050 
plusi2. eve; Ca (OM) a5 sc aia Sd ara sos eee arose seve ota Sas oe eee Ce eee 051 
plus 5: ¢.¢:\Cal(O) aise discs USA G sta ans Gish ale Mitoemae Rian ee en Ee ee 061 


An inspection of the foregoing results bears out perfectly what has 
already been said, namely, the freezing point depression of the acids and 
acid salts decreases as more and more Ca (OH), is added to them until 
a certain point, the neutralization point, is reached and then it com- 
mences to increase with further addition of the hydrate. 


Now it will be of interest to know whether the same general results 
are obtained when these acids and acid salts are added to the soil and 
the titration is done in the soil. Table 2 contains the results of a few 
typical experiments bearing upon this point. These results are graphically 
represented in figures 2a, and 2b. The experiments consisted of adding 
10 c. c. of the acids or acid salts to 2 grams of soil and then following the 
same procedure as in the case of the pure solution. 
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Curve showing the decrease in the depression of H2SO, by the addition of Ca(OH)2 down to a certain point 


Fiacure le. 


and then the increase with further addition of Ca(OH): 
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Curve showing the decrease in the depression of Alo(NOs)« by the addition of Ca(OH)2 down to a certain point and then the increase 


Figure ld. 


with further addition of Ca(OH): 
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c.c. CafOH/, 


Curve showing the decrease in the depression of soil plus HCl by the addition of Ca(OH): down to a certain point and then the in- 
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FIGURE 2a. 
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crease with further addition of Ca(OH)2 
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C.c. calOH/. 


Ficurs 2b. Curve showing the decrease in the depression of soil plus Al2(NOs)« by the addition of Ca(OH)2 down to a certain point and the in- 
crease with further addition of Ca(OH). 
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TABLE 2. THE FREEZING POINT DEPRESSION OF SOILS TO WHICH WERE ADDED 
HCl AND Al(NO3)3 AND TITRATED WITH Ca(OH):. 


Reagents. Depression. 
‘Stoyl, (UU BU CALS oe ae ee Re erccrcan IcRNG ctinc, oe ceiec Orcick GERD GaRa O Oe Ere ERS SEs Aarne wien Seni .050°C 
DLUSELOKE "C6 C a (O EL) 9 5 ern states earch ceo oee creates Sep OES a Taam aNS SKEW Seo Paohavalion srovenstevee go -038 
DUTISEZ TORCH Cal (OM orn ayn mee eee eeepc, ere ecmere cs Sieh ccibhiche ici sratnebe sweeper as 036 
OLEH YS) PAG toa OF NCO) 6 Dye eth A et ae Eerie Attn ere creche, CECE ae ewe os eee Se 039 
Po ROVT Pe Oren CBN (O18 DGS. 6 or went uses ISIOLe Giei Boece omnes Aun Ale ein ci eae en eae 041 
SHO (DUS NIP GNI OR iaaie Se eabetree cRete is clay aick Geen SiGns Geen et lech Glee mete Ee eee ne eee an See 049°C 
DLUSIGICNCH Cal (OD wae cree eer Roe oe ee RO Oh eee cone opN Gre -039 
lUstAvCMENCG a (OU) aaa say tener. iene eben ietecstarclavataate .035 
plas Tle. CaO Eat ge oy oh een ee Ce oe eel ca ies .036 
{EM oar era OF: (Ol SO) ieseeree ee re a ae eeed ons a DI 2 aga ee ee reat eee .040 


It will at once be seen that when a soil is treated with an acid or acid 
salt and then titrated with Ca(OH), almost exactly the same general 
results are obtained as when the acid and acid salt are titrated alone. 
The main difference being that the lower part of the curves of the soils is 
not so sharply pointed as that of the solution. Occasionally the lower 
part of the curves of the soils may be slightly flattened. 

The above type of curve is designated for convenience, and will be 
referred to throughout this paper as an acid curve. 

The second principle, that if a soil does not contain a free acid or acid 
salt but possesses an absorptive power for Ca(OH), the freezing point 
depression will remain the same as more and more of Ca(OH), is added 
to the soil, until the absorptive power is satisfied and then it will com- 
mence to rise with further addition of Ca(OH), was established in 
natural soils. The procedure consisted of adding 10 ¢. c. of water to 2 
grams of soil and then titrating with Ca(OH), in the same manner as 
above. Table 3, with its accompanying figures 3a and 8b contain the 
general type of results obtained. 


TABLE 3. THE FREEZING POINT DEPRESSION OF SOILS TO WHICH WERE ADDED 
DIFFERENT AMOUNTS OF Ca(OH):. 


Reagents. Depression. 
PIS SOLON Onl PLUS li Ons CsaWatOln. ote cae eecteftie Setters casio ceearere eMac oc ah avs, orate erect nays eee ore .010°C 
plus'5.ce:. Ca(OH) aes Ferg reve acess rene wales elaine oie aoa elere -010 
PLS: SieexrCa (ORs seme een ey a eee .010 
DHIS =: CONC a (OND) oko aca tar cen eee erie arenas ne eet -010 
lus Ce Ca (OMe ia ces cave ieea ters eictae cierale einajetens Oia .012 
plus:3°ces Ca (OH)2. 2 sae sce oe ne Sie Sei aiara Shenae tevaienerere nlbus -020 
Zee SOU O12 pliuisy LONG] Ge watelin saa. fete se ae ante a ade, Shelve ie Fis) auer ele wane ainle ¢ la wera at 8 .011°C 
DRY S:CerCa(@ Wi acsaye ce ste dose cle Mae cS se Shiels O11 
PLUSH CEC aOR) sree eee ee ee er eee cis .012 
plus: 2ices: CaO) stn aceon ere ieee tetas .021 


It becomes immediately evident that the second principle, namely that 
when a soil does not contain a free acid or acid salt but possesses an 
absorptive power for Ca(OH), the depression remains constant as more 
and more of the Ca(OH), is added until the absorptive power is satis- 
fied, and then it begins to increase with further addition of Ca(OH)., 
is fully confirmed by the above data. 

The curve typifying the second principle is designated for convenience, 
and will be referred to throughout this paper as an absorption curve. 

If a soil possesses both an acid and an absorptive power, the curve 
obtained will be similar to that shown in Figure 2 which is an acid curve. 

There still remains the third principle to illustrate, namely, that when 
a soil is alkaline or already saturated with bases, the freezing point de- 
pression will commence to rise almost immediately upon adding a small 
amount of Ca(OH),. A typical example of this principle is afforded in 
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Cie: CalOH[, 


Fiaure 3b. Curve showing the constancy of the depression of soils by the successive addition of Ca(OH): up to a certain point and then the in- 
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crease with further addition 
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Table 4 and in the accompanying Figure 4. The numerical data were 
obtained by treating a soil with an excess of KOH and then titrating 
with Ca(OH), in the usual manner. 


TABLE 4. THE FREEZING POINT DEPRESSION OF ALKALINE SOIL TO WHICH WAS 
ADDED Ca(OH). 


Reagents. Depression. 

2 2m. Oil PLUS LO CNC WALEE« circ ok wah eveuaca ene et yee alessio oe BEie Tee ein hee eee .015°C 
plus 1 c. NO): OY ee ene SEP Aer Cony ees > MERI oe: cami cic a © .016 
plus 2 c. 2B (OVUEL) Bis aia’ s cave g's Glo ie''e Sale weer pe elone tea co eaeten ae eee .024 


The third principle, therefore, is also established by the preceding 
data. As will be noticed the depression commenced to rise when only 
1 ec. e. Ca(OH), was added, while before this soil was saturated with 
KOH it required 9 c. c. of Ca(OH), of the same strength before the 
freezing point depression started to rise. 

The curve illustrating the third principle is named and will be referred 
to as the alkaline or no-lime-requirement curve. 

Going back for a moment to the first type of curve, the acid curve, the 
question may be raised, may there not be other substances, besides acids 
and acid salts, which upon reacting with Ca(OH)., give the same type 
of curve? Before attempting to answer this question it is necessary first 
to consider the cause or causes which produce this type of curve. 

According to the ionic theory, acids, bases, and salts or electrolytes, 
tend to break up or dissociate into ions, and the degree of dissociation 
varies markedly in the various electrolytes. Besides other properties, 
each ion causes the same amount of depression of the freezing point as a 
molecule. The larger the number of ions, therefore, there is present in a | 
solution, the greater will be the freezing point depression. Since the 

various acids, bases, and salts, dissociate differently at the same mole- 
cular concentration their depression of the freezing point will necessar- 
ily be different. 

In the light of the ionic theory, therefore, the reason for the gradual 
decrease in the depression of the acids and acid salts upoa adding to 
them various amounts of Ca(OH), until the neutralization point is 
reached and then commences to rise with further addition of the hydrate, 
becomes at once clear and self-evident. Thus, for instance, consider the 
case of HCl. This acid at the concentration employed possesses a definite 
degree of dissociation and hence also a freezing point depression. Upon 
the addition of a small amount of Ca(OH), part of the acid combines 
with the Ca to form CaCl,. The CaCl, evidently has a lower degree of 
dissociation than that of either HCl and Ca(OH)., and consequently 
the lowering of the freezing point is decreased. This decrease continues 
until all the acid is completely neutralized and there is present only 
CaCl, and H,O. Since the degree of dissociation of CaCl is less than 
that of either HC] and Ca(OH), the minimum lowering of the freezing 
point is registered at the point of neutralization. Upon further addition 
of Ca(OH), after the neutralization is reached, the Ca(OH), remains in 
solution, and since it possesses a greater degree of dissociation than the 
CaCl,, causes an ascent in the depression. 

Any salt, therefore, formed by the reaction between any acid and any 
base will give the same type of curve as that between HCl and Ca(OH), 
provided the salt thus formed has a lower degree of dissociation than 
either of the acid and base. It might be stated in this connection that 
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all the acids employed in this investigation, which included only HCl, 
HNO,, H,SO,, and H,C,O,, gave the usual acid curve upon being titrated 
with Ca(OH),, NaOH, and KOH; the NH,OH, however, failed to give 
the characteristic acid curve, at least in any pronounced form. 

Besides the factor of dissociation, there is still a second factor which 
might produce the acid curve, and that is the insolubility of the product 
formed from the reaction between the acid and the base. Thus, for 
instance, take the case of CaH,(PO,), and H.C,O,. Upon the addition of 
Ca(OH), the Ca combines with CaH,(PO,), and H,C,O, to form Ca, (PO,) 
and CaC,0O, which are quite insoluble. As long, therefore, as the reaction 
is not completed the depression will diminish with the increased addition 
of Ca(OH), but as soon as sufficient Ca(OH), has been added to com- 


C.c. CafOH |, 


Figure 4. Curve showing the almost immediate rise in the depression of alkaline 
soils upon adding Ca(OH): 


FREEZING POINT DEPRESSION C° | 


plete the reaction, then there will occur a minimum depression; beyond 
this point the depression will commence to rise with further addition of 
Ca(OH),. 

The question already raised, therefore, namely, may not substances 
other than acids and acid salts react with Ca(OH), to produce a curve 
similar to the acid curve, can now be answered. . It should be declared at 
once, however, that while this might be so with certain compounds, yet 
a large number of compounds have been employed for the purpose of test- 
ing out this point and in no case was there an acid curve obtained. 

On the other hand it has been found that certain compounds which are 
neither acids nor bases may react between themselves to form otlier com- 
pounds and thus yield a curve similar to the acid curve. <A most strik- 
ing case of this kind may be cited the reaction between BaCl, ‘and 
Ag.SO,. If Ag,SO, is treated with BaCl, the freezing point depression 
decreases similarly to. that when HCl is titrated with Ca(OH), until 
the reaction is complete where a minimum depression is registered and 
then the depression commences to rise with further addition of BaCl,. 
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Fieure 5. Apparatus for determining the lime requirement of soils. 
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The explanation of this penomenon is self-evident. The Ag,SO, reacts 
with BaCl, to form BaSO, and AgCl. Both of these salts being almost 
insoluble cause a minimum depression when the reaction is complete. 
Upon further addition of BaCl, after the complete precipitation of 
BaSO, and AgCl, the lowering of the freezing point rises because the 
BaCl, remains in solution. 

So while it could be stated as a very general rule that if a soil contains 
a free soluble acid or acid salt it will always give an acid curve when it 
is titrated with Ca(OH), yet it is possible sometimes to obtain an acid 
curve which is not due to an acid or acid salt. Such a case, however, will 
probably be very rare. 

In the foregoing exposition an attempt has been made to indicate 
briefly the underlying principles governing the freezing point method for 
determining the nature of acidity and lime requirement of soils. It has 
been seen that three distinct types of curves are obtained, and each one 
of these curves signifies a definite phenomenon. Next a description of 
the procedure involved in the method, the presentation pf the detailed 
results obtained, and the possible explanations therefor, are in order. 


DESCRIPTION OF THE METHOD AND PROCEDURE. 


For determining the nature of soil acidity and lime requirement of soils 
by the freezing point method, the Beckmann apparatus was employed 
with certain modifications. The complete set of apparatus used is 
shown in Figure 5. It is composed of a Beckmann thermometer A, a 
glass tube B which contains the soil, a larger tube C which acts as an 
air jacket, a-battery jar D which contains the cooling mixture, composed 
of crushed ice and NaCl, and a wooden box E in which the battery jar 
is placed and surrounded with poor heat conducting material to prevent 
rapid radiation of the cooling system. The glass tube B is 1 inch in 
diameter and 9 inches long, while glass tube C is 1.5 inches in diameter 
and 6 inches long. Vessels F and G act as accessories to the above main 
apparatus. Vessel F contains a cooling mixture of the same or different 
temperature as that in the battery jar D, and its cooling mixture serves 
the purpose of taking off more rapidly the initial heat of the soil mass by 
bringing the tube containing the soil mass into intimate contact with it. 
Vessel G acts simply as a stand for the thermometer when it is taken out 
of the glass tube B for preparing another soil sample or for adding 
Ca(OH), to the soils at the end of each freezing point determination. 
In this vessel there is a glass tube of the same dimensions as the glass 
tube B. By cleaning this tube at the beginning of each experiment it 
becomes unnecessary to clean the bulb of the thermometer every time the 
latter is taken out of the soil tube to add Ca(OH), to the soil. Near to 
this set of apparatus are kept burettes attached to bottles of distilled 
water and Ca(OH), stock solution, or to bottles containing any other 
reagent employed. 

For determining the lime requirement of a soil the following procedure 
was finally adopted: First the freezing point of pure distilled water was 
determined and this point was used as a standard for ascertaining the 
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freezing point depression of soils. Then 2 grams of soil were weighed 
out on a chemical balance and placed into the soil tube B and added to 
it 10 c. c. of distilled water. The thermometer was inserted into the 
tube and was so arranged that the bulb was close to the bottom of the 
tube and entirely covered with the soil mixture. By holding the tube 
with one hand and the thermometer with the other the soil mixture was 
stirred for about a minute by gently moving the thermometer. The tube 
then was placed directly into the cooling mixture contained in the vessel 
F and by continuously stirring the soil mass with a gentle move of the 
thermometer, the temperature fell very rapidly. The agitation was con- 
tinued until the temperature reached the freezing point of water when 
it was stopped and the soil was allowed to cool undisturbed until it was 
supercooled to about 1.0° C. below the freezing point of water and then 
the tube was placed in the air jacket C of the main cooling bath and the 
soil mass again stirred. The soil generally commenced to solidify at 
once and the temperature to rise very rapidly to the proper freezing 
point. Before the final reading was taken, the soil mixture was 
thoroughly mixed by moving the thermometer. The thermometer then 
was set.so its bulb stood in the center of the tube and did not touch the 
walls, tapped with the finger a few times and then the final reading 
recorded. The tube then was taken out of the air jacket, the thermometer 
placed in the stand G, and a definite quantity of Ca(OH), was added to 
the soil. The thermometer was placed back into the soil, the mixture 
stirred for about a minute, and the process of freezing was repeated as 
before. The process of freezing, then adding Ca(OH), to the soil, and 
refreezing was continued until the maximum lime requirement of the 
soil was ‘attained, which was indicated by a change in the reading of the 
thermometer and hence of the freezing point depression. 


In order to reduce the number of determinations made and thereby cut 
down on the length of time, large quantities of Ca(OH), were first 
added. The method which proved most convenient consisted of adding 
to the soil first 5 ¢. c. of N/25 Ca(OH)... If the depression of the soil 
was still the same as before or less, then 5 ce. ec. more of Ca(OH), was 
added. If the freezing point depression at the end of the third de- 
termination was greater than that of the preceding that indicated that 
the maximum lime requirement of the soil had been attained and sur- 
passed, i. e., an excess of lime had been added. From the difference in 
the depression between the second and third determination it could be 
easily estimated what would be the approximate lime requirement, and 
with this knowledge as a guide the exact quantity was determined in a 
second sample of soil. Thus, for example, supposing that 2 grams of 
soil plus 10 ¢. ec. of water gave a depression of .010° C. Adding 5 ¢. c. of 
N/25 Ca(OH), to the mixture the depression still remained at .010° C. 
Adding 5 c. ec. more of Ca(OH), the depression changed to .012° C., ora 
difference of .002° C. The lime requirement of this soil, therefore, lay 
between 5 and 10 c. c. of Ca(OH).; but does it lie nearer the 5 or 10 
c. ¢.? Information concerning this point could be obtained by knowing 
the depression of 5 and 10 ¢. c. of N/25 Ca(OH), diluted in 20 c. ¢. of 
distilled water—the amount which had been added to the soil. Suppos- 
ing the depression of 5 c. c. of N/25 Ca(OH), in 20 c. ¢. of distilled 
water was .020° C., and 10 c. c. in 20 ¢. e. of water was .035° C. From 
these figures it could be readily judged that the true lime requirement 
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was closer to the 10 c. c. than to the 5 ¢c. c. of Ca(OH), since the change 
in the depression was only .002° C. A second sample of soil therefore, 
was taken and instead of adding 5 ¢. c. of Ca(OH), at first 8 ¢. ¢. were 
added and then the additional amounts were added in portions of 1 ¢. c¢. 
in order to obtain the accurate value. If a soil, however, in 2 gram 
portion, required only 2 c. c. of Ca(OH), and were added to it at first 
5 c. c., the depression in the second determination would be far greater 
than that of the soil plus water alone. By applying the same principle 
as above as to whether the true lime requirement lay closer to 2 or 5 
ce. c. the exact amount could be determined in a second sample of soil. 
After one is accustomed to the method, however, he can estimate ac- 
curately almost down to 0.5 ¢. ce. without having to employ a-second 
sample of soil. 

From the above detailed description of the procedure of the method, 
it might appear that the method is very complicated, tedious, and time- 
consuming. Fortunately none of these objections is applicable to it. On 
the contrary, the method is very simple, extremely rapid, and quite 
accurate. 

As to its simplicity, it must have already been seen from the descrip- 
tion that there is practically no procedure in the method which requires 
an unusual amount of skill or technique. Anyone who has never per- 
formed freezing point determinations might imagine that the method 
is complicated but those who have made such studies will readily admit 
the simplicity of operation of the method. 

Probably one of the most favorable virtues of this method is its 
rapidity of execution. As it is now developed, the freezing point method 
can determine the lime requirement of a soil from 10 to 15 minutes if 
a duplication is not necessary. It has determined the lime requirement 
of many soils in less than 10 minutes. This exceeding rapidity of execu- 
tion lies in the fact that by bringing the tube containing the soil mix- 
ture in direct contact with the cooling mixture and keeping the soil 
mixture stirred with the thermometer, the temperature falls very rapidly, 
and the desired super-cooling is attained in a very few minutes,—as 
contrasted with the long time that it takes if the soil were cooled in the 
air jacket. 

At this point the question may be raised as to the value and accuracy 
of the method for determining the lime requirement of soils in such an 
exceedingly short period of time, since the reaction between the Ca(OH), 
and the soil may not be completed in that short period. It must be 
declared at once that this particular point was subjected to a thorough 
examination, and the results obtained have led to the interesting con- 
clusion that the reaction between the Ca(OH), and the soil, under the 
condition in which the experiments are performed, is exceedingly rapid 
if not almost instantaneous. Many experiments were performed wherein 
the soils were treated with slightly larger amounts of lime than they 
required, as determined during the short period of the operation, and 
allowed to stand for 6 to 24 hours. At the end of these periods the 
freezing point depression showed that the soils did not take up any more 
lime. 

The remarkable rapidity of the completion of the reaction between the 
soil and Ca(OH), is supported by other experiments which the writer 
has performed; as well as the observations of other investigators. In 
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performing experiments, for instance, by the freezing point method to 
determine the effect of application of soluble chemical compounds upon 
the concentration of the soil solution, it was found that, with few ex- 
ceptions, the magnitude of the concentration or depression produced, im- 
mediately after the salt solution was added to the soil and at the end of 
24 hours, was practically the same. 

In studying the absorption of the base of different salts by the soil, 
various investigators have noticed that the reaction is very rapid. 
Especially interesting in this connection is the work of Gedroiz’ upon 
the speed of exchange reaction in soils. Gedroiz found that the Ca 
could be replaced from the soil by NH, and Na of the NH,Cl and NaCl 
salt solutions almost immediately. 

From all these evidences, then, it might be accepted as an established 
fact that the reaction between the soil and Ca(OH), is completed very 
rapidly if not almost instantaneously, and that practically no error 
enters in the results from this source. 

Besides its simplicity and exceeding rapidity, the freezing point meth- 
od appears to be also quite accurate, at least from the practical stand- 
point, in determining the lime requirement of soils. The accuracy seems 
to vary directly with the lime requirement. If the soil requires about 10,000 
pounds CaO per 2,000,000 pounds of soil there is probably an error of 
about 1,000 pounds CaO. If on the other hand, the soil requires only 
about 1,000 pounds of CaO per acre the error is probably about 200 or 
300 pounds. The reason that the total error is greater when the lime 
requirement is high is that the volume of water present is large and the 
depression caused by 1c. c. of N/25 Ca(OH), for instance, is small as . 
compared to that when the volume of water is less. Since the ther- 
mometer cannot be depended upon to read accurately, closer than .002° 
C. it is easier to make a greater total error, although a smaller percentage 
of error, in the greater lime requirement than in the small. 

If a larger amount of soil were used doubtless the percentage of error 
in both cases would be greatly decreased. By using only 2 grams of 
soil an error of only 1 ¢. c. of N/25 Ca(OH), is equivalent to 1,121.8 
pounds of CaO in 2,000,000 pounds of soil. The reason that a larger 
amount of soil is not used is that the concentration of the Ca(OH), 
solution cannot be increased in water above twenty-fifth normality. 
Consequently, it is necessary to add a large amount of the sclution of 
this strength to the soils possessing a high lime requirement, and the 
soil tube being of small volume cannot hold all the mass if larger amounts 
of soil were used. Of course a tube of larger volume could be employed 
but this may not be advisable. 

Mention has already been made that it is advisable to use in the first 
determinations large amounts of Ca(OH), in order to obtain the limits 
more quickly, and if necessary to employ smaller quantities in a second 
set of determinations to obtain the exact amount of Ca(OH), required. 
It should also be stated, however, that it is not advisable to add less 
than 1 c. ce. of Ca(OH), in the case of soils which require a large amount 
of lime; in the case of soils, however, which take up about 1,000 pounds 
CaO to the acre, less than 1 ¢. c. might be added each time. The reason 
for not adding less than 1 c¢. c. to the soils which possess a high lime 
requirement becomes evident from what has already been said. In the 


(7) Russ. J. f. Expt. Landw. Vol. 15. No. 3, 1914. 
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first place, the thermometer cannot be depended upon to read accurately 
closr than .002° C., and in the second place, less than 1 ¢. ¢. of N/25 
Ca(OH), in a large volume of water produces such a small depression 
that it might not be detected. It is just as accurate, therefore, to add 
1 ec. ec. portions and estimate the tenths, using the magnitude of the 
depression as a guide. 

Finally, the sources of error that might arise from the thermometer 
and the cooling bath should be mentioned. It has been found that the 
reading and hence the standardization of the thermometer will suddenly 
change. This does not happen always, but it does occur occasionally. 
If the change should occur during a series of titrations of a single soil, 
and the determination is not checked by a second sample of soil, wrong 
results will of course be obtained. No definite explanation can be offered 
for this sudden change of the thermometer. It should be stated, how- 
ever, that in spite of this occasional uncertain change the Beckmann 
thermometer is ideally adapted for the determination of the lime require- 
ment of soils, because its zero point is automatically determined every 
10 or 15 minutes and for every soil sample. Furthermore, after one is 
accustomed to the character of the results he can generally detect any 
change in the thermometer that has taken place. It might be stated in 
passing that an instrument which is far more accurate and exceedingly 
more sensitive than the Beckmann thermometer is the thermo-element. A 
thermo-element can be readily made to read to .0001° C., or ten times 
more sensitive than the Beckmann thermometer. This instrument, how- 
ever, is not very convenient to use. 

For the determination of the lime requirement of soils by the freezing 
point method it has been found essential to keep the temperature of the 
cooling mixture in both vessels about —2° C. If the temperature of the 
cooling mixture in vessel F, where the soil is first cooled, is greater 
than -2° C. the soil will commence to solidify before supercooling has 
taken place, but if it is only about —2° C. the soil will not start to solidify 
until it is supercooled to about 1° C., and sometimes it can even be 
gently stirred while it is supercooling. 

It might appear that the procedure of stirring the soil mass with the 
thermometer itself and not employing a regular stirrer, might introduce 
some error. It is believed, however, that no measurable error arises from 
this source. The use of the thermometer as a stirrer is of great con- 
venience. 

It should be again emphasized that the soil mass must be thoroughly 
mixed, care must be exercised that the bulb of the thermometer does not 
touch the walls of the tube, and that the thermometer should be tapped 
before the final reading is taken. < 

If the above procedure is carefully followed, it is firmly believed that 
any scientific man can determine the lime requirement of soils with high 
accuracy and definiteness. 

Having given then a brief exposition of the principles underlying the 
method, and a rather detailed description of the apparatus and _ pro- 
cedure, the presentation of the experimental data obtained, is next in 
order. 
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EXPERIMENTAL DATA. 


THE LIMP REQUIREMENT OF SOILS. 


In accordance with the foregoing method, the lime requirement of a 
large number of soils was determined. Some of these soils were col- 
lected at random near the vicinity of this Experiment Station, others 
came from different parts of this State, and still others were specially 
obtained from other States. All these soils received no other treatment 
except drying in the air. In Table 5 there are presented only a few of 
the soils employed and their respective lime requirement. The lime 
requirement is expressed in number of c. c. of N/25 Ca(OH), taken up 
by 2 grams of soil and in pounds of CaO in 2,000,000 pounds of soil in 
the case of the mineral soils, and 1,000,000 pounds in the case of the 
peats and mucks. 


TABLE 5. LIME REQUIREMENT OF SOILS. 


No:enc: Pounds CaO 
Soils. N/25Ca(OH).2 in 
absorbed by | 2,000,000 
2 grs. Soils. | pounds soil. 
Ly) (Quartz Sand). A6 60.0 cos fet careth: dake elec aee el a biae epee tee evel tear a Tent ees 0 0 
er NBOLITILY. css. dun ote se a edeconsvoned obec enene: orteteteh areter eeeeclare nee Latcueie gen cle aie erene taren ras :5 560.9 
3.4 Heavy Siltilodmi (erary,) ie isis te crarseteko die arenst en ememye siete one etoile 6.0 6,730.8 
4, eavy Ssilt;loam: (black)... csciaci.ci one seis Mires oye eralelo shales tel easucieeekele 9.0 10,096.2 
5% “Heavy clay loam (Drow) ace cae cinereta shee scl e eels) sslinysieis sete creme ero 8.5 9,535.3 
6; “Heavy: silt loam (DIaGk)icsy.2c.vercc ec toracers aierereas ees rete eves ete een tetera te 9.0 10,096.2 
1c: daehr claysloam (bIaek) Aas sc tic ciahous octet ehohabe aero one eieaeteemne nie memonen 3 6.0 ,730.8 
8: sbleavy.silt loam i(black) 1 1aee asters se crcaticle che boii cost eh ote mia ecm eee 120 8,412.5 
9. Light aati loam (ETRY)... eels ho nie Shee daa Wiehe boatc oe abot 4.0 4,487.2 
LOLS “Heavy Silt Loam | (SU y) ier tector mieten ease ts) sea efeitos) fae le 50) 3,926.3 
WAS) Sigsht silt loam: (black) ii. o.s:5s.08 clecprskacs ee coe oho peal eee eee 3455) 3,926.3 
LO eH Cav y SUC IORI (STAY)!., cfr cistchavsingitlcheutic oyaaeeePais ie is mies aie eke 3.0 3,926.3 
sy avery leht silt loam (black); oc 5 tierce ersten ee chinese oi eeetaee me arate 3.5 3,926.3 
14> Heavy sandy loam (black))\. 2.5, ig. ai Set. ces ele tenes beleive 6.0 6,730.8 
152, Anehtsilt loan (PTA)! << s-.ctere.+ a cis oe oie eiste a ietoledere eteie Riera sie isetete seers 9.0 10,096.2 
16 Coarse SanG! (DOWD) isc .0re% class, oats wake oie a distoaie eles eae ine ie one she) 3,926.3 
Ls Coarse sand h(Drowil)).< 6 fa aet. siecetomee se isehodereolietane ate enere timtel conten ie 6.0 6,730.8 
PSty Mieditim, Sati Gi (Oray,)-s<: wn sciessrsiets aie a oteaciorecloieceeieiticmereteisiterorere atone TPAD) 1,121.8 
19): “ishtisandy loam: (acho) sends cei cleat etelete ele tenor usleco ene ae eiare 2.0 2,243.6 
2052 Very sine sandy: loama(browmiin..acteneteine niin nein tae tena ieee HRD 1, 682).7 
ons’ AHeavyAsand (brOwi) 2) cs tpaeeas 2 cic usec ete ee oie oe Riese core ete 3.5 3,926.3 
22... Very, fire: sandy loam «(DIOWN)) vision tea Oe hohe Cee mte ol eetin cielo eerie 4.5 , 048.1 
23 aeht silt loam\(DISCK)E: a once ee nese ecto mic ere tae ee ne crore 2.0 2,243.6 
24; Light/silt. loam (browil)!..icciec mene ete cote roe ee center 4.0 4,487.2 
25. @Light silt loam (Drow). << vac See isin cee tee eben toeioe ave ters uae te 4.0 4,487.2 
26;,, Light silt loam (Drow) ss... cae see ee ee eae ie Ee eon teil aie 4.0 4,487.2 
Oioe Light silt loam (brown) i.e. se eee elementos eee 4.0 4,487.2 
DAP Ete) Re ed en ES Biren Steriatet tet tniC a! ena Gee eo Gobo aula orm 30.0 16 ,827.0 
29. BR Gabia s. 8 cits o aioe oe este Au Mlend ee eva tie Clete tO OEE che Bae oe 28.0 15,705 .2 
BOL PCa endiee ces tee oiep alse n fv o.roite, Nephi elas onabete a theedae eke CKO Cee eee 30.0 16 ,827.0 


An examination of the above table will at once show that the lime 
requirement of different soils varies greatly, according to the freezing 
point method, the amounts varying from 0 in the case of pure quartz 
sand, to 10,096.2 pounds in heavy loams, to 16,827.0 pounds in peats, of 


as 
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CaO per acre. It appears that the peats, clay loams and silt loams take 
up larger amounts of lime than the sands and sandy loams, although in 
some cases the sands and sandy loams consume as much as the clay 
loams, and silt loams. Soil No. 17, for instance, is a coarse sand, and 
its lime requirement is the same as that of heavy silt loam No. 3, which 
is 6,730.8 pounds CaO. Soils No. 20, 31, and 32 were obtained from the 
Rhode Island Experiment Station through the kindness of Director Hart- 
well. All these three soils were considered to be acid. Soil No. 22 re- 
fused to produce satisfactory crops, according to Dr. Hartwell. This 
soil may be classed as very fine sandy loam and yet its lime requirement 
is very high. Soil No. 15 is a light silt loam and was kindly furnished by 
Prof. A. J. Patten of this Station. It was considered to be very acid as 
it turned the blue litmus paper red and showed a large lime requirement 
by the Veitch method. Soils No. 24, 25, 26 and 27 are light silt loams 
and were procured from the Pennsylvania Experiment Station plots 
through the kindness of Prof. J. W. White. All these soils were supposed 
to be acid. Soils No. 27, 29, and 30 are peats and show a tremendous 
lime requirement. The amount shown above is based upon 1,000,000 
pounds of soil; if it were based upon 2,000,000 pounds as in the case of 
the mineral soils, it would be twice as large. 

In order to see how the above lime requirements obtained by the freez- 
ing point method, compared with those by the Veitch method, Prof. A. J. 
Patten kindly determined the lime requirement of soils No. 2 4, 15, and 
16 by the latter method. These values are contained in Table 6. For 
direct and convenient comparison the corresponding values indicated by 
the freezing point method are repeated in this table. 


TABLE 6. COMPARISON OF LIME REQUIREMENT OF SOILS BY THE VEITCH AND 
FREEZING POINT METHODS. 


Pounds CaO per 
2,000,000 Ibs. soil. 


Freezing Veitch 
point 
raat method. 
SSOLTMIN 0 cua oo acb ayo. <a re Rahs “0 cage: wer 0 Za. aoc atcas hs Teralte VaREU ROSY aronespekatioP omen ran taheleranct afatere 6,730.8 560 
CST LIS ae: le epticte sc ian PcG REN ote PR CRESTOR TOR EIGEN aS cc mON Sin Caran Tam cr 10,096 .2 0 
PIO LUIN Ceo eaoe eaermt tec teeta tera ect ane aie eae eteiate erence cine rege aoe cba farers ehelarerats 10,096 .2 3,780 
SGA TRIN Ohe Gin ee ern ete tet ara oP eeucMovesetie ch ortitel ex euavorenar stenseenetevnieiorey aaeloneratctauets 3,926.3 1,890 


It is readily seen that the results yielded by the two methods do not 
at all agree. The freezing point method indicates a far greater lime re- 
quirement of every soil than the Veitch method. 

If to any one of the soils contained in Table 5 is added only half of the 
amount of CaO indicated by the freezing point method, and the ratio of 
soil to water is 1 to 5, the red litmus paper will immediately or shortly 
turn blue. This, however, is found to be true even with the Veitch 
method, and it is a pure case of hydrolysis, as already discussed. 

It will now be of interest to ascertain the type of curve that the various 
soils in Table 5 yield. In Table 7 there are presented the numerical 
data of a few examples which are typical of the various classes of soil. 
These results are graphically represented in figures 6a, 6b, 6c and 6d. 
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TABLE 7. THE FREEZING POINT DEPRESSION OF SOILS TO WHICH WERE ADDED 
VARIOUS QUANTITIES OF Ca(OH)s. 


Reagents. Depression. 

2'gm; Soil No: 3: plus WO :ci:c. Waterss < ois stereo, starovessteve'easalere leo inke slaee alslvis uate aetna -009°C 
lus"5ie: ‘ec. N/25:'Ca(OB)s..... 6s. 0a eae See 009 
plus 1'c. c. N/25 Ca(OH st... is. ee ee ee eee 010 
plus’ 2 ‘c..¢;.N/25:\Ca(OM)sew cc: 3sec.ccnenc eee 016 

2 gm; Soil No. 4 plus: 10 3 e.swater «ay. 0..9 « siscvcvelaca ous o «jn'- tally) on ntolo ue lates) siete onstenens ie einen an -010°C 
plus:8'c:'c: N/25:Ca(OH)s. : 22s 5. oa ook eae eee .010 
plus: 1c: cl. N/25 '‘Ca(OB a . 5. Be. ove ace ne eens .012 
plus 3c: ¢: Ni/25 Ca(OH)sh +e set eee .020 

2.em. ‘Soil No.9’ plus LO!e.:¢. swaiber so ors i acces: scree = ayetaporn sla ie) ote era venewdl earls ia ohs Enea een ene .009°C 
plus’ 3:03'¢c...N/25 Ca(OH)s.. o.2625.te ee oe .009 
plus: 1 ¢::¢: N/25 Ca(OH eo. oo. asc. econ Gee ee .010 
DIUS!3' CAiGh N/2d CaO yer. s wey oe ee eee .019 

1 gm. Peat. No. 30:plus 10.¢.1¢. waiters. sci cjerssecse, cc ciaip = Wie Missed babel ale ocelot .010°C 
plus*4:e.'¢.N/25 Ca(OH) 9.cuka o« asd ack ele eee 001 
plus 1c..cAN/20 Ca(OH )2ncccs as oe cate e eee ene .002 
plusib ¢) ¢: IN/25 Ca(OH)2.+. e252. aes .012 


It is clearly evident that both the absorption and acid curves are ob- 
tained. It will be noted, however, that only the peats gave an acid curve, 
while the mineral soils yielded the absorption curve. Since the above 
examples are presented to typify the general character of curve that all 
the different soils in their natural condition yielded, then it will at 
once be inferred that only the peats and mucks yielded the acid curve while 
the mineral soils gave the absorption curve. Indeed nearly 80 different 
mineral soils have been tested by the freezing point method both for 
their lime requirement and nature of their acidity and in no case was 
an acid curve obtained. This array of soils included some of the most 
acid soils of the Rhode Island and Pennsylvania experimental plots. 
On the other hand, most of the peats, which numbered only 15, and col- 
lected at random, gave an acid curve. 

Although none of the 80 mineral soils tested failed to give an acid 
curve, it cannot be concluded that universally all mineral soils will act 
alike. On the contrary there are probably some mineral soils which 
would give an acid curve, but it is believed that such soils are rare. On 
the other hand, probably all the mineral soils under humid conditions can 
be induced, by certain treatments, to give an acid curve, as will be 
subsequently shown. : 

The curve yielded by the mineral soils and designated for convenience 
an absorption curve is of great significance and warrants a thorough 
consideration. Indeed, this type of curve throws light upon the nature 
of the acidity of mineral soils, and also upon the theory of exchange of 
bases in soils. 

In the first place this absorption curve shows that the Ca(OH), is 
removed from solution or taken up by the soil as fast as it is added and 
is rendered inactive as far as the freezing point depression is concerned, 
until a certain point is reached and then it begins to remain in solution, 
or if it is still taken up, it replaces something else, most likely another 
bas». Now the substance which uses up the Ca(OH), must be in the 
solid phase and not in the liquid phase, for if it were in the liquid phase 
the depression would not remain constant. If the substance were in 
solution it would take part in the depression produced by the soil plus 
the water. Upon the addition of Ca(OH), a reaction would take place. 
If the reaction resulted in an insoluble product the substance’ would 
be removed from the solution and thus decrease the freezing point de- 
pression. If, on the other hand, the reaction resulted in a soluble com- 
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pound, the depression would vary according to the degree of dissociation 
of this compound. Again, if the substance were in solution, then the 
same kind of curve should be obtained if only the soil solution alone was 
titrated with Ca(OH),. When the soil extract was titrated with Ca(OH), 
the absorptive curve was not obtained. The type of curve that was ob- 
tained, consisted of a no-lime absorption or alkaline curve, i. e., the de- 
pression began to rise almost immediately upon the addition of a small 
amount of Ca(OH), to the soil extract. 

Hence the evidences are strongly in favor of the view that the Ca(OH), 
is taken up or absorbed by a substance which is not in solution and does 
not affect the freezing point depression. Consequently it must be in the 
solid form. 

The question now is, if the substance which causes the disappearance 
of the Ca(OH), from the solution is solid, what is its chemical and 
physical composition? An attempt will now be made to answer this 
question. 

As it is well known, the mineral soils consist largely of silica, alumi- 
num, and iron, followed in smaller amounts by calcium, potassium, 
sodium and magnesium. These elements, together with others, combine to 
form polysilicates. The mineral constituents of the soil, therefore, con- 
sist of salts of polysilicic acids. These polysilicates being salts of weak 
acids with strong bases hydrolyse upon being dissolved in water, and the 
products of hydrolysis consist mainly of an unhydrolyzed salt, a base, 
and an acid. The acid, which consists probably of silicic acid, alumina- 
silicates, and silica is more or less insoluble. The bases, however, being 
more soluble, are carried away by the drainage system, or consumed by 
the plants, or are dissolved by inorganic and organic acids that might 
temporarily be formed in the soil. The residue left behind, therefore, con- 
sists mainly of silica, acid alumino-silicates, and silicic acid. These com- 
pounds possessing a high reactivity for Ca(OH), will absorb it imme- 
diately upon its being offered to them, and combine with it to form ecal- 
cium silicates. The calcium silicates are difficultly soluble. 

Hence, it appears from all evidences, that the substance which causes 
the disappearance of the Ca(OH), from solution consists mainly of 
Silica, acid alumino-silicates, and silicic acid. This view is strongly sup- 
ported by the investigation of McIntire, Willis and Hardy®. These in- 
vestigators in conducting a study to determine the factors influencing the 
lime requirement determinations, found that when different soils were 
treated with large amounts of CaCO, and MgCO,, these compounds 
were soon decomposed by the silica, acid silicates and titanium oxide, 
the CO, being dissipated, and the Ca and Mg radicals combined with the 
above acids to form calcium, and magnesium silicates and calcium and 
magnesium titanate. 

On the other hand, these silica, acid silicates, and silicic acid, must be 
in some particular physical form, probably in the hydrated and colloidal 
condition, otherwise they do not seem to show any reactivity towards 
the Ca(OH),. Thus, for instance, quartz sand both in medium size and 
in extremely fine powdered form takes up practically no Ca(OH).. 
Again, any of the mineral soils which shows a very high lime requirement 
absorbs practically no Ca(OH), after it is burned. 

While the absorption of the Ca(OH), may be attributed mainly to the 


(8) Univ. Tenn. Agr. Expt. Sta. Bull. 107. 1914. 
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colloidal hydrated silica, acid alumino-silicates, silicic acid, and insoluble 
organic matter, in the case of the mineral soils, in the case of peats and 
mucks, however, it might be partly assigned to the soluble organic 
acids and humus substances, and partly to organic insoluble acids and 
humus substances. 

Hence, the acidity or lime requirement of soils might be ascribed almost 
entirely to msoluble hydrated silicic acid, acid alumino-silicates, silica, 
and organic insoluble substances in the case of the mineral soils, and to 
organic soluble acids and humus substances, and organic insoluble acids 
and humus substances in the case of peats and mucks. - 


Referring once more to the absorption curve of the mineral soils, it 
will be at once concluded that no exchange of bases takes place in the 
soil, when it is treated with Ca(OH),, until it is saturated with this 
base. Hence, while an exchange of bases may take place when the soil is 
treated with a neutral salt, such an exchange does not immediately occur 
when a free base is used. 

Another very interesting phenomenon in connection with the absorp- 
tion curve is the fact that the depression of the freezing point remains 
constant with the increase in the volume of water present. Thus, just 
before the soil is completely saturated or satisfied with Ca(OH),, the 
volume of water is increased in some cases almost twice and yet the 
lowering of the freezing point is the same. It appears that when the 
solution of the soil is very dilute the freezing point depression is not 
perceptibly affected even with considerable increase in the volume of 
water. Thus 2 grams of soil in 10 ¢. c. of water give a lowering of the 
freezing point of .010° C. Practically the same lowering of the freezing 
point is obtained when the same quantity of soil is treated with 20 ec. ec. 
of water. [ven in pure salt solutions the freezing point depression re- 
mains almost constant with large dilutions, if the original solutions are 
very dilute. Thus, MgSO, at a certain concentration gave a depression 
of .010° C. Upon adding to 10 c. c. of this solution 10 ¢. c. of water, the 
depression changed to .008° C., or a difference of only .002° C. These re- 
sults might be expected in the case of electrolytes. © 

Before concluding this part of the investigation, on the lime require- 
ment of soils, a brief discussion should be devoted to the character of the 
reaction that is involved between the Ca(OH), and the various soils, 
that is to say, is the reaction a chemical or a physical one? It should 
be at once stated that it appears to be both but the major part appears 
to be chemical. That probably it is not entirely physical may be men- 
tioned the following facts: (1) The quantity of lime taken up by the 
various soils is too great to be accounted for entirely by surface 
phenomena; surface alone does not appear to be the predominant cause 
of the absorption because kaolin and quartz sand may be ground almost 
as fine as many of the clay loams here employed and yet their lime re- 
quirement is practically negligible. (2) The curves obtained are not 
adsorption curves; the adsorption curves are smooth equilibrium curves ~ 
and consequently do not have such abrupt breaks as indicated in the 
foregoing curves. (3) There is no fundamental reason why the phe- 
nomenon cannot be chemical. 

Lastly, the question may be asked, is it necessary and economical to 
add to the soil all the amount of lime according to the freezing point 
method, it requires? As previously declared, this question will ulti- 
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mately have to be decided in the field, using the plant as indicator. All 
that is claimed is that the freezing point method, as a laboratory method, 
seems to indicate the true lime requirement of the soil. By true lime re- 
quirement is meant the maximum specific activity that the different soils 
have for lime. In this maximum lime requirement there is included the 
lime that is necessary to neutralize any free soluble acids and acid salts, 
and the lime that the soil requires to satisfy its absorption-adsorption 
properties. Now it is possible that this method indicates altogether too 
high lime requirement and when the plants are used as indicators it 
might be found that the plants can make just as good growth with 
smaller amounts as they can with the maximum. On the other hand it 
should be strongly emphasized that this method does not give altogether 
too abnormally high lime rebuirements. Indeed the maximum amounts 
indicated are quite in accord with some of the maximum applications 
that many soil authorities advise. Thus Hopkins® states: “It may be 
said, however, that 10 tons of ground limestone per acre would not only 
do no harm, but would probably produce somewhat larger crops than 
any lighter application. As much as 10 tons per acre has been applied 
on an experiment field in southern Illinois, and the crop yields on that 
field have been larger during the last three years than on any other ex- 
periment field in that area. Two to four tons per acre, however, have 
usually produced much benefit.” 

In a recent publication by Blair’® the following statements are made 
in regard to the amounts of lime that might be applied to New Jersey 
soils: “With general farm crops on a loam to clay loam, 1,500 to 2,000 
pounds of burned lime may be considered a moderate application. For 
alfalfa, 2,500 to 3,000 pounds could safely be used. For sands and sandy 
loams, 1,000 to 1,500 pounds would be a safe application. If the soil is 
known to be very acid or to contain a great deal of organic matter, a 
somewhat heavier application could be made,” etc. Further on he says: 
“On wet land and muck lands as much as 5,000 to 10,000 pounds of 
lime may be required to correct the acidity.” 

It is evident, therefore, that the maximum lime requirements indicated 
by the freezing point method certainly appear to be in accordance with 
some of field practices. 


THE ABSORPTION OF NaOH, KOH, AND NH:OH BY SOILS. 


In the last section the absorption of Ca(OH), by different soils was 
considered. It will now be of great interest to ascertain the absorption 
by the same soils of other bases, namely KOH, NaOH, and NH,OH. The 
absorption of these bases by the various soils represented in Table 5 was . 
determined exactly in the same way as that of Ca(OH), already con- 
sidered. The solutions of these hydrates were diluted to such an extent 
that their freezing point depression was about the same as that of 
Ca(OH).—a little over .100° C. Their strength, however, was determined 
by titration and the necessary calculations made therefrom. Table 8 con- 
tains the amount of these bases taken up by the same soils used in the 
case of Ca(OH),. The quantity absorbed is expressed in number of ¢. c¢. 
of the hydrate per 2 grams of soil. For convenient and direct compari- 
son the required Ca(OH), by the same soils is also reproduced in this 
table. 

(9) Soil Fertility and Permanent Agriculture, 1910, p. 173. 

(10) Circular 54, New Jersey Agr. Expt. Sta., 1916. 
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TABLE 8. THE ABSORPTION OF DIFFERENT HYDRATES BY VARIOUS SOILS. 


No. c c. N/25 Hydrate absorbed 
by 2 grams of Soil. 


Kind of Soil. 
Ca(OH)2 KOH NaOH | NH.OH 
1.) Heavy silt loam (eraiy) iwc. Si. sielaes wrenwtcuel soit ore) ose 6.0 5.5 2.4 2. 
2) Meavy silt loam (Dlaek),. .<isus. aac esis dorar er 9.0 a 4.8 2.6 
3: “Heavy clay loam (Drown): Stieie-<c ese piaein oie oe 8.5 5.5 5.0 2.4 
Ad) Heavy: silt loam (DIACIE) tec. ccere'e. cin Sreeiaetn revere 9.0 5.5 | 5.0 2.5 
5.) iphticlay los (DIAG) oo ia a1» oskeicle = sreleioreel| 6.0 2.5 | 2.4 1,2 
6: Heavy siltloam((black).0 ju. Ci oy acter een te 7.5 2.5 | 2.4 2.1 
7.° Gaight clay loam) (2Tay) 2... 7. sles neelew ie carers arene 4.0 2.5 24 1.8 
8. Heavy silt loam (gray) sid vec thse saree Slee eae tee Mees 3.5 2.5 2.4 1.8 
OFF Ten G Silt Loar (DLACIS) Oyo nue oo cPeucyelenaheeleceieteimieie 3.5 2.5 1.8 0.9 
10. Heavy silt loam (gray).................0e 000 3.5 2.5 | 1.8 1.2 
1. . Very light silt loam (blac) <5 os.culeo ce aveelnle orere 3.5 2.5 | 1.8 1.2 
12)” ‘Heavy sandy loam (black), 7.cnc.s sees eeeee ee 6.0 2.5 | 2.4 1.5 


The foregoing data reveal at once the remarkable fact that the amount 
of base taken up by any one soil differs markedly with the various bases. 
In other words, the soils do not absorb the various bases in chemically 
equivalent quantities. All soils take up Ca(OH), in greatest quantity 
followed by KOH, NaOH, and NH,OH in order respectively. ‘The various 
soils, also, do not absorb these various hydroxides in the same relative 
ratio. 

Evidently, therefore, each soil possesses a specific reactivity for the 
different hydroxides. 

It will now be of interest to ascertain whether a soil which is already 
satisfied with one base will still take up other bases. That is to say, if 
a soil is satisfied with the amount of NH,OH it requires, will it take up 
any more of Ca(OH), and vice versa. To obtain information upon this 
question the problem was attacked in the following manner: The exact 
requirement of a soil for Ca(OH),, KOH, NaOH, and NH,OH was first 
ascertained in the usual manner. Then to this soil was added a little 
more than the true requirement of any one base and its freezing point 
depression determined. To this mixture was then added various quanti- 
ties of another base until the depression began to change. If the de- 
pression began to change immediately upon the addition of a small 
amount of the second base then it was considered that the soil would not 
take up another base, i. e., cause it to disappear. Some of the data ob- — 
tained are as follows: 

2 gm. Soil No. 1 originally required 6 c. c. N/25 Ca(OH), to cause 
change in depression, required only 1 c. c. after it received 2.5 ¢. ¢. 
N/25 NH,OH. 

2 em. Soil No. 2 originally required 9 c. c. N/25 Ca(OH), to cause 
change in depression, required only 1.5 c. ¢c. after it received 3 €s ai 
N/25 NH,OH. 

2 gm. Soil No. 3 required 8.5 c. c. N/25 Ca(OH), to cause change in 
the depression, required only 1.5 c. ¢. after it received 3 c. c. N/25 NH,OH. 


2 gm. Soil No. 1 originally required 5.5 c. c. N/25 KOH to cause 
change in the depression, required only 1 c. ¢. after it received 7 ©. ¢. 
N/25 Ca(OH).. 

2 em. Soil No. 2 originally required 5.5 c. c. N/25 KOH to cause 
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change in depression, required only 1 c¢. c. after it received 10 ¢. ¢. 
N/25 Ca(OH), 

2 gm. Soil No. 3 originally required 5.5 c. c. N/25 KOH to cause 
change in the depression, required only 1 c. c. after it received 9 c¢. ¢. 
N/25 Ca(OH).. 


2 gm. Soil No. 1 originally required 6 c. c. N/25 Ca(OH). to cause 
change in depression, required only 1 c. c. after it received 6 ¢. ¢. 
N/25 KOH. 

2 gm. Soil No. 2 originally required 9 c. c. N/25 Ca(OH), to cause 
change in depression, required only 1.5 c. c. after it received 6 c. ¢. 
N/25 KOH. 

2 gm. Soil No. 3 originally required 8.5 c. c. N/25 Ca(OH), to cause 
change in depression, required only 1.5 c. ce. after it received 6 ec. ¢. 
N/25 KOH. 


It becomes at once evident from the above tabulated data, therefore, 
that when a soil is saturated or satisfied with a particular base it will 
absorb very little if any of another base, even though the various bases 
are absorbed in non-equivalent amounts. 

On the other hand, when a soil is only partly satisfied with one base it 
will take up a correspondingly large amount of another. Thus for in- 
stance, when a soil in 2 gm. portion required and received 3.5 ¢. ¢. 
N/25 KOH, the addition of only 1 c. c. N/25 Ca(OH), caused a change 
in the depression. On the other hand, when only 2.5 c. c. N/25 KOH was 
added to this soil, it required 7 c. c. N/25 Ca(OH), to cause a change in 
the depression. This was true in the case of all bases. 

Just what is the true explanation of this unequal absorption of the 
various hydrates by the same kind of soils cannot be stated at this time. 
It is evident, however, that it follows some definite and significant laws. 
The problem is under special investigation and it is hoped the true ex- 
planation will be discovered. 

Finally, it should be stated that this unequal absorption of the various 
hydrates, does not appear at present to be a point against the freezing 
point method, for determining the lime requirements of soils. On the 
contrary, it points to some phenomena which promise to be of significant 
theoretical interest and of important practical value. 


EFFECT OF ACIDS AND ACID SALTS UPON THE LIME REQUIREMENT OF SOILS. 


Thus far the lime requirement of only natural untreated soils has 
been considered. The question will now be taken up of the effect of 
acids, acid salts, and neutral salts upon the lime requirement of soils. 
Since the data dealing with the acid and acid salt treatments illustrate 
certain fundamental principles which are necessary for a convenient and 
successful discussion of the data pertaining to the neutral salt treat- 
ments, they will be considered first. 

The research on the effect of acids, and acid salts upon the lime re- 
quirement of soils consisted (1) of adding to 2 grams of soil various 
amounts of inorganic and organic acids, and inorganic acid salts and 
then determining its lime requirement; and (2) treating the soil with an 
excess of acid, then washing it with water, drying it in the air, and its 
lime requirement determined. In Table 9 there are presented the lime 
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requirements of four different soils to which were added 10 c. ec. of dilute 
(about N/100) HCl and dilute Al,(NO,), in 2 gm. portion of soil, and 
also the requirement before treatment. These data will serve to typify 
the general results that were obtained by treating different soils with 
H.S0O,, HNO,, H.C,O,, AlCl,, Fe(NO,)., ete. Table 10 contains the lime 
requirement of three different soils which were treated with an excess 
of dilute (N/100) HCl and then washed and dried. 


TABLE 9. LIME REQUIREMENT OF SOILS TO WHICH WERE ADDED HC1 AND Al(NOs)s. 


HCl Alzn(NOs)6 
Soil. COL. Pounds Om. Pounds 
per 2 gm. CaO per gm. 2 CaO 

Roi |. Der acre. ea : per acre. 
| == 
Soil No=lobefore treatment. cw wes nears aise eae seuss 6G) 1 6,.75028 6 6,730.8 
Soil NoSiliattertreatmentsauc eee tne aac cmees 9755) 0-65 7-1 iy 12 ,339.8 
SoilSNo: 2) before ttreatments 2.12, 0c: . eve castie «0 ocean oo 9 | 10,096.2 | 9 10,096.2 
SouUMNOseeraiter treat mentions sce cleete deletes suas cate 12)75, | 1402205 14.5 15,144.3 
SOWING. a DeLOre wea L MEM Berge caye\es + bien ice) en ee 8.5 9553553 ils Gs ane ee eee 
Sol INOwo ater treatment. cere. setho eae lean leee 12 13';461..6 vles 22 ket. |e 
SoucNo. 4 betore:treatments): 25.04 <. Mos elo ete denote ecu 4 4,487 32: |S hares a 2 ete oe ee 
SoiuuNos4 alter treatmenttivn cee ol ei oie ieee | eae 8,413.50. ace ee 

| 


TABLE 10. LIME REQUIREMENT OF SOILS WHICH WERE TREATED WITH DILUTE 
HCl, WASHED, AND DRIED. 


c.c. N/25 

, CaCO). | Heuam 

Soil. Dee 2 eBt | per acre. 

Soil“Notsl before, treatment: 270 f-. kicse ch hee oo ote Cndies bietat teks peat 6 6,730. 
SousNomiahieg treatment) im str: ane ania acre cceiet Relelhe hone iene Yop oc raoAl 8. | p&sOTare 
SOUZNO 2: before trea timentins) et seas Soest se antec neice Cae TOC tee 9 |; 10,096.2 
SOUINGO-s2ranlentreat mention ilstis ta cisar mi aer et) is Creve tere bare 12 | 13,4616 
SOM INO so sDELOLE blLea LIMON G cere. cactnwle Secon eee otc chaee | ete anictoht ee eae Soni 9,525.3 
SOUMNONSraller treat Mentinw. ic ceyt coe cme cme oe delat ok arcmin) ere 11 12,339.8 


Considering first the data in Table 9 it will be immediately seen that 
the presence of 10 c. c. of either HCl or Al,(NO,;), in 2 gram portion 
of soil increased the lime requirement markedly. In the case of 
the HCl the increase over the untreated soils is about the same for all 
soils and amounts to about 3 ¢. c. N/25 Ca(OH), or about 3,865 pounds 
CaO per acre. In the case of the Al,(NO,), the magnitude of the in- 
crease is also approximately the same for all soils, and is about 5 e. e. 
of N/25 Ca(OH), or 5,609 pounds CaO per acre. . 

In many experiments not here repeated the amounts of HCl or 
Al,(NO,), added to 2 grams of soil were gradually increased from 0 to 
10 c. c. by 2 c. c. portions. In every case the lime requirement of the 
soil increased directly with the amount of the acid or acid salt added. 

The magnitude of the increase of the lime requirement of the soils 
appears to be approximately equal to the amount of lime required to 
neutralize the quantity of the acid or acid salt added. Thus, 10 c. c. of 
HCl of the strength employed required 2.8 c. c. of N/25 Ca(OH), to be 
neutralized, while 10 ¢. c. of Al,(NO,), solution took up nearly 6 ec. c. of 
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N/25 Ca(OH), before a change in the color of the indicator occurred, 
using phenolphthalein as indicator. Practically identical results were ob- 
tained when the titration of the acid and acid salt was performed by the 
freezing point method. 

Besides the HCl, and Al,(NO.), other acids and acid salts were used, 
such as HNO,, H,SO,, AICI,, Fe(NO,);, etc. The data obtained coincide 
in principle with those above. 

Referring now to Table 10, which contains the lime requirement of 
soils which were treated with HCl, then washed and dried, it will be 
observed that even this form of treatment increased the lime require- 
ment. The increase in all soils is considerable. 

In the case of the unwashed soils to which were added the acid or 
acid salts, the freezing point depression decreased with successive addi- 
tions of Ca(OH), until a point was reached, the neutralization-absorption 
point, and then it began to increase with further addition of the base. 
The data then plotted into an acid curve similar to that obtained when 
the acid and acid salt were titrated by the same hydrate. If there was 
present only a very small amount of the acid or acid salt, however, this 
acid curve could not be obtained, at least very pronouncedly, which 
would be naturally expected. 

In the case of the soils, however, which were treated with an excess 
of acid and then washed for long time, the freezing point depression re- 
mained constant with successive additions of Ca(OH), until a certain 
amount was added and then it began to increase. The results then 
plotted into an absorption curve similar to that of the untreated soils. 
The acid, or the substance which produced the acid curve, when the soils 
were treated with an acid, was evidently removed by washing with water, 
although an increase in the lime requirement still remained. 

The foregoing general facts finally led to the desire to ascertain whether 
the strength of an acid changes when it is added to a soil which shows a 
large lime requirement by the freezing point method. For obtaining in- 
formation upon this question the following experiment was performed. 
A soil which showed a lime requirement of about 10,000 pounds CaO 
per acre was treated with N/100 HCl in the ratio of 10 grams of soil to 
50 ¢. c. of the acid. The mixture was stirred thoroughly for a few 
minutes and allowed to stand until the supernatant liquid was clear. 
Then about 15 c. ec. of this supernatant liquid was taken, without filter- 
ing, and titrated with Ca(OH)., according to the freezing point method. 
To our surprise it was discovered that this supernatant liquid failed to 
give an acid curve, and the depression began to increase almost imme- 
diately upon adding about 2 ¢. c. N/25 Ca (OH),, indicating that the 
liquid contained very little if any acid. Some more of the supernatant 
liquid was taken out and tested for acidity with the litmus paper. True 
enough the liquid was neutral or very slightly acid. It was at once sug: 
gested that the acid or substance which gives the acid curve must be 
in the soil mass. All the remaining supernatant liquid then was poured 
off, the soil placed in the freezing point tube and titrated in the regular 
manner. The results gave an acid curve as usual. These results then 
tended to confirm the above suspicion that the acid must be in the soil 
and very little if any of it is diffused or represented in the solution which 
bathes the soil. Now if that is the case, it was reasoned, the blue litmus 
paper should turn red, when brought in intimate contact with the soil 
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mass. This was tried and, true to the prediction, the blue litmus paper 
did turn red. The case then according to these series of experiments 
stood as follows: A soil in the natural condition showed a very high 
lime requirement according to the freezing point method, and gave an 
absorption curve. When this soil was treated with an excess of acid, the 
supernatant liquid was almost neutral both according to the freezing 
point method and the litmus paper test, while the sediment or soil mass, 
was acid to the litmus paper and gave an acid curve with the freezing 
point method. When this sediment was washed with water the acid or 
substance which yielded the acid curve and which was not equally repre- 
sented in the supernatant liquid, disappeared. 

The above series of experiments were repeated a great number of times 
using different soils, including some of the acid soils from the Rhode 
Island Experiment Station plots, and various inorganic acids, with ex- 
actly the same result. 

To many soils were added as much as 60 c. c. N/100 HCl to 10 grams 
portions, without the supernatant liquid turning the blue litmus paper 
red, at least not immediately. Many of these litmus paper tests were re- 
peated and verified by Prof. A. J. Patten and Prof. M. M. McCool. 

After the foregoing series of experiments were completed there ap- 
peared an article by Rice® entitled “Soil Studies.” In this paper Rice 
presents data on the basic exchange between soils and salt solutions as 
measured by the hydrogen ion concentration method. In connection 
with these studies he mentions a single experiment in which he shook 
two soils, which responded strongly to all the usual tests for soil acidity, 
with three times their quantity of N/100 HNO,. He found, according 
to the hydrogen ion concentration method, that the strength of the 
acid added had been considerably reduced after contact with the soil. 
In conclusion he says: “Hence, even acid soils may neutralize acids to 
some extent. Whether or not, in addition, some of the acid was adsorbed 
by the soil was not determined.” 

It may be accepted then as an established fact that when a soil, which 
takes up a large amount of lime, is treated with an excess of acid, up 
to a certain extent, the supernatant liquid may be neutral or only slightly 
acid, while the soil mass itself is strongly acid to litmus paper and gives 
an acid curve with the freezing point method. 

The interesting question now is, how may this phenomenon be ex- 
plained? The question of neutralization of the supernatant liquid 
could be dispensed with at once by assuming that the bases of the soil 
neutralized the acid. But how about the acid remaining in the soil 
itself? It must be immediately declared that no satisfactory explanation 
can be offered at this time for the latter phenomenon. The problem is 
under special investigation and it is hoped to discover the true explana- 
tion. The following facts, however, should be recorded at this time: 

The acid which remains in the soil mass and causes an acid curve to 
be obtained must be in solution, on two main grounds, (1) it can be re 
moved very readily by washing with water and (2) it affects the freezing 
point depression, since on being neutralized with Ca(OH), the depres- 
sion of the soil is decreased, indicating that the acid combines with the 
base to form an insoluble compound and thereby is removed from solu- 
tion, or to form a soluble salt which has a lower degree of dissociation 


8J. Phy. Chem., 20, 214, (1916). 
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than itself. But how and why should this soluble acid remain in the 
soil mass and not diffuse in the supernatant liquid which bathes the soil 
mass and thus be equally distributed? How is the law of equilibrium 
satisfied ? 

It was thought that if the soil held this soluble acid by some means— 
adsorption or occlusion—and did not allow it to diffuse equally into the 
supernatant liquid—which is contrary to the law of equilibrium—then 
there should be a difference of concentration between the supernatant 
liquid and the sediment. This point could be easily verified simply by 
determining the freezing point depression of the clear supernatant liquid 
and of the sediment. The experiment was performed but the results showed 
that there was no difference in the depression between the solution and 
the soil—indicating probably that the acid might not be free and in the 
liquid phase, or if it were, it had replaced or caused something else to 
go into solution, so that there was an equilibrium between the super- 
natant liquid and the soil mass, as far as concentration is concerned, but 
not in composition. 

Whatever the explanation should prove to be, this phenomenon cer- 
tainly appears to be a most remarkable one. 

Having studied the effect of acids and acid salts upon the lime re- 
quirement of soils and the phenomenon relating thereto, it will now be 
of interest to know the results obtained with neutral salts. 


EFFECT OF SOLUBLE SALTS UPON THE LIME REQUIREMENT OF SOILS. 


The effect of soluble salts upon the lime requirement of soils was 
studied in two different ways: (1) to 20 grams of soil were added 20 c. ¢. 
N/10 of a neutral salt solution, the soil allowed to dry in room tempera- 
ture and its lime requirement determined according to the procedure 
already described; (2) to 2 grams of soil were added 2 c. c. of a N/10 
salt solution, and 10 c. c. of water, and its lime requirement ascertained 
as usual. There were several soils used, ranging from very jow to very 
high initial lime requirement. The salt solutions employed consisted of 
NaNO,, KNO,, Ca(NO,),., KCL, K,SO,, CaCl,, MgSO,, (NH,).80,, 
NaC,H,0,, K,HPO,, and CaH,(PO,), in N/10 strength. Since both 
methods gave essentially the same kind of results, and inasmuch as the 
second method is the most accurate, the results obtained by the second 
study will be presented here. These data are contained in Table 11. 

An examination of the preceding data reveals clearly and decisively 
the following most important facts: (1) All the salts increased the lime 
requirement of the agricultural soils very markedly, but the neutral 
salts considerably more than the acid phosphate salts. Thus, in the 
case of Soil No. 2 the acid phosphate salts augmented the lime requirement 
by 1,121.8 pounds CaO per acre while the neutral salts increased the 
amount by 4,487.2 pounds; (2) All neutral salts increased the lime re- 
quirement of any one soil to the same magnitude. This was also true 
of the acid phosphate salts. Thus, in Soil No. 2 all the neutral salts 
caused an increase of 4,872 pounds CaO, and both phosphate salts, 
1,121.8 pounds CaO; (8) In the case of quartz sand which originally 
took up no lime, none of the neutral salts caused it take up lime, but both 
of the phosphates did. This lime requirement, however, is due to the 
phosphate salts themselves and not to the quartz sand, as will subse- 
quently be explained. 
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Evidently, therefore, the application of soluble salts increases the lime 
requirements of soils quite markedly. The question now is, is this in- 
crease permanent or only temporary, and in either case how is it brought 
about? 

To procure information upon these questions the following line of 
research was pursued: To 20 grams of soil were added 20 c. c. of any one 
of the salt solutions. The ratio of the soil to the solution and the 
strength of the solution were the same as above. The mixture was stirred 
and allowed to stand for about an hour. Then the mixture was poured 
upon a filter paper in a funnel and washed with water. The soil was 
allowed to dry in room temperature and its lime requirement was de- 
termined in the usual manner. The results obtained are detailed in 
Table 12. 


TABLE 12. LIME REQUIREMENT ‘OF SOILS WHICH WERE TREATED WITH SALT 
SOLUTIONS AND THEN WASHED. 


NaNOs K2S0O4 
Soil. c.c. N/25 e.c. N/25 

Ca(OH): Pounds Ca(OH): Pounds 

absorbed CaO absorbed CaO 

by 2gm. | peracre. | by 2.gm. | per acre. 

soil. soil. 

SoieNorlauntreated |.) oc:ciaeietan cine raxetas seas clas @ ole 6 6,730.8 6 6,730.8 
Baie WOM aELCa Lede epee ne oerh ae einen Hoh nie aie akon 6 6,730.8 6 6,730.8 
SOMO Mo IEE TeAL ed ep 2 Not, occiciecenoxoteh ey cbotetenonsraktoae lor 9 10,096.2 9 10,096.2 
Stortini@y, Ci ate) Hers [aes meer AC Ge ee IO meat ORTOIOO Ie 9 10,096.2 9 10,096.2 
BOLO NS UMtTeALeM -; an nals son tales crcles boa cielo Osis 8.5 9,535.3 8.5 9,535.3 
SousNonsuireated yacht a. ot ose cite cutanah ale eteiae 8.0 974.4 8.5 8,974.4 


The data in the above table are highly interesting and very significant. 
They show that the soils which were treated with various salt solutions 
and then washed, have practically the’ same lime requirement as that 
before treatment. In other words, the substance which increases their 
lime requirement when they are treated with the soluble salts disappears 
upon washing, and they come back to their original lime requirement. 

These data then go to prove three main facts, (1) The substance which 
caused an increase in the lime requirement of the soil upon being treated 
with the soluble salts was soluble or in solution and was readily carried 
away by washing, (2) The treatment did not produce any permanent 
change in the soil, either chemical or physical and consequently (3) the 
increase in lime requirement brought about by the application of soluble 
salts was only temporary and not permanent. 

Now what is the nature of the substance which is produced in the soil 
by the salts, and is readily soluble or in solution, that causes the in- 
crease in the lime requirement. Before attempting to answer this ques- 
tion it is essential to consider first the type of curve that the soils con- 
taining the substance, i. e., the soils which are treated with the salt solu- 
tion and not washed, will yield upon being titrated with Ca(OH), 
according to the freezing point method. The data pertaining to this 
phase of the investigation are contained in Table 13 and graphically 
represented in figures Ta, 7b, 7c and 7d. Only a few typical examples 
are here submitted. 
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TABLE 13. FREEZING POINT DEPRESSION OF SOILS WHICH WERE 'TREATED WITH 
SALT SOLUTIONS AND TITRATED WITH Ca(OH):. 


Reagents. Depression. 
2 em. soil. plus’2:c.c. N:/10 NaNOs plusiLO'eie: Water. oxo an, stents ace oy cueeuetate ehetelaet> ciate i is etter .070°C 
plus cic) CaO) a. es cei eee 052 
plusi4cic. Ga(OR)az sc. . eee .046 
plus 4 Cie} Ca(OR)o...)..50 ee nee 041 
pins 4 cea (OR) ses ee eee .051 
2 gm. soil plus 2 c.c. n/10 CaNOs; plus 10 c.c. water........... ye AOS Sos oS .056°C 
plus'4 ¢c.c2Ga(OH)o: tn. + Ree eee 050 
plus:4 ¢:c?'Ca(OM) se. sac nccks eee 041 
plus'4'cie®Ca(OM)s5 + See ee ee .037 
plusKa 6:65: Ca (OEM eee ee eee .047 
2:em. soil plus) 2°c:c; n/10 KeSO« plus! LO%e:c) Watel..o..sne cteieelcieennin eeeeeeene .041°C 
plusi4seves:Ca(OH)on0, Po. ee eee .039 
DLs acces CaO )ae. eee eee .032 
plus: 4rcics: Ca(OE) ots. sn catenin .031 
Dplusisicic! Ca(OMan. osc aero 039 
22m. soil plus:2'¢:¢5n/10 | CabliPO,plisdOlc:ciwaters- mad cee ee ee eee -020°C 
plus?4 ¢:¢.. Ca; (OE) 2. veces teeters O11 
plus) 4:c:¢. (Ca(OH )2.,.e2. oe -010 
plus‘ ¢.cl'Cai(OR) ss cs eee .019 


It is at once seen that the general type of numerical data and curve 
yielded by the soils which were treated with soluble salts is almost ex- 
actly the same as that obtained when a pure acid or acid salt or a soil 
treated with an acid or acid salt is titrated with Ca(OH),. The ir- 
resistable and logical conclusion immediately appears to be, therefore, 
that the substance produced in the soils when they are treated with dif- 
ferent soluble salts, consists either of a soluble free acid or an acid salt. 
This conclusion appears to be supported by what is already known con- 
cerning the reaction between a salt solution and the soil. According to 
the adsorption and chemical theories, when a soil reacts with a salt, the 
base of the salt is taken up by the soil and leaves in solution a free acid, 
or the base taken up releases a weaker base such as aluminum, which 
combines with the acid radical of the salt to form an acid salt. 

Hence, the answer to the above question, what is the nature of the 
substance produced in the soil by the application of soluble salts, which 
increases the lime requirement, appears to be that it consists either of 
a free acid or an acid salt, but most likely the latter. 

At this point it should be stated that the above explanation as to the 
cause of the acid curve, applies only to the neutral salts and not to the 
acid phosphate salts, CaH, (PO,), and K,HPO,. These phosphate salts 
are acid salts and will produce the acid curve even before they are 
applied to the soil. The acid curve produced after they are applied to 
the soil is doubtless due to the same compounds and not necessarily to 
some other acid or acid salt formed. 

It should also be recorded that the acid curve will be obtained upon 
the application of soluble salts only when the soil shows a lime require- 
ment, by the freezing point method. If the soil shows no lime require- 
ment, such as the quartz sand, the acid curve will not be obtained, ex- 
cept in the case of the phosphate salts. The same is true when a soil is 
alkaline or already saturated with a base. If a soil, however, takes up 
only a very small amount of lime, the acid curve will be very unpro- 
nounced. 

Not all neutral salts give in the soil an acid curve of the same degree 
of pronouncement. That is to say the amount of decrease in the de- 
pression is not the same for all neutral salts. Thus Ca(NO,),, NaNO,, 
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KNO,, KCl, and CaCl, give a far more pronounced acid curve than 
K,SO,, MgSO,, (NH,).SO,, and NaH,C,0O,. This, however, is naturally 
to be expected since the products formed by the reaction between the 
Ca(OH), and the acid or acid salt of these neutral salts possess different 
degrees of dissociation or solubility. 

In considering the results on the effect of acids upon the lime require- 
ment of soils, it was seen that when a soil, which showed a large lime 
requirement was treated with an excess of dilute acid, the supernatant 
liquid failed to give the acid curve, while the sediment did, but when the 
sediment was washed, then the acid curve could no longer be obtained. 
The natural and logical question now rises, do similar phenomena also 
occur in the case of the salt solutions? 

The answer to this question was obtained by attacking the problem in 
the same manner as before, namely, to several different soils, which 
showed a high lime requirement, were added different salt solutions in 
the ratio of 10 grams of soil to 50 c. c. of the solution of N/10 strength. 
The mixture was stirred thoroughly for a few minutes, then allowed to 
stand for about an hour until the supernatant liquid became clear. Then 
some of the supernatant liquid was poured into the freezing tube without 
filtering, and titrated with Ca(OH), in the usual manner. It was found 
that the depression began to increase immediately upon adding about 2 
c. c. of Ca (OH)., indicating that the supernatant liquid failed to give 
an acid curve. Then the remainder of the solution was poured out and 
the sediment was placed in the freezing tube and titrated with Ca(OH),. 
It was found that the freezing point depression decreased with the in- 
creased addition of Ca(OH), until a certain point was reached and then 
commenced to rise. The results then plotted into an acid curve, and 
proved that the soil contained an acid or acid salt or some substance 
which was not equally or proportionally represented in the supernatant 
solution. In another sample of soil similarly treated, the sediment was 
washed with water and then titrated. In this case the freezing point 
depression remained constant up to a certain point and then began to 
rise. The results, then plotted into an absorption curve, and proved that 
the substance which gave the acid curve above was washed away with 
water. 

These experiments were repeated with many of the neutral salts using 
different soils, and in every case the results were the same, namely the 
supernatant liquid failed to give an acid curve while the sediment did, 
but when the sediment was washed then it no longer yielded an acid 
curve. 

These results then agree perfectly with those obtained with acids, and 
whatever is the explanation for the one case is true also for the other. 

Since no mineral soil out of a number of 80 tested for lime require- 
ment in their natural condition gave an acid curve but only an absorption 
curve, and inasmuch as the free acid and acid salt produced in these soils 
when they were treated with neutral salts or acids and acid salts, were 
carried away by washing and the soils then gave an absorption curve, it 
seems safe and logical to conclude that the presence of soluble acids, or 
acid salts in the mineral soils under field conditions is only temporary 
and probably never permanent. The acidity or lime absorption of the 
mineral soils, therefore, is probably due mainly, if not entirely, to the 
insoluble acids of the soil, the silicic acid, acid alumino-silicate, and 
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silica, and perhaps to the insoluble organic matter. There is probably 
then practically no active acidity in the mineral soils, but only negative. 
IXxxceptions to this general statement are probably very few. 

In the peats and mucks, however, the formation of the organic acids is 
probably quite rapid, and consequently these soils may contain per- 
manent active acidity, as well as permanent negative acidity. 

One more point before concluding. If it is true—which is beyond any 
doubt—that when a soil is treated with an excess of acid, acid salt and 
neutral salt, the supernatant liquid contains very little acid or acid salt, 
while the soil mass itself retains a large amount of the acid or acid salt 
(or a substance which greatly increases the lime requirement), then the 
question rises, can any of the present soil acidity methods which em- 
ploy neutral salts and use only the supernatant liquid, give the true 
lime requirement of the soil? This is indeed a question of great and 
fundamental importance and must not be ignored. 

Note: After the foregoing report was completed and submitted for 
publication there were received from the Rhode Island Experiment Sta- 
tion samples of twelve different soils, with a request from Mr. F. R. 
Pember to determine their lime requirement by the freezing point 
method. As the cultural history of these soils is known, their results 
on lime requirement are of high interest and great significance from the 
standpoint of the reliability and value of the freezing point method. 
The data obtained are detailed in the following table: 


TABLE 14. LIME REQUIREMENT OF SOILS. 


Number Pounds CaO 
of soil. per 
2,000,000 
; pounds soil. 
a eee fe ee ee ee ee ae ee roribkc tig ome Oca OU OOsoIto dA) O25 10,096.2 
Cae ee apn eee Seer ene ee Ee Ee Emo TODO ACO CaO OG OIE OCS , 730.8 
ce eS a eee See a8 Sl eT Sr ie Tho CrOEOMGO DOO CO LS 2s c 15,705.2 
7 ee ea ees Tiree ee tea OOO IODA GOTO GONE TO 257 , 000 
(Se et ee ae Pr er ape ee See ire Ob oUd DOOM gC HOT OUG 205 15,705.2 
(1a ey 2 oe ene peer eh) eee en, we bar eee ee Oo MEARNS ATO COI OIC 20006 ,974.4 
Ce ee Ae ae ER ae StS Sera OCT OU eo Seo Tos 560.9 
Cee pe em SRE Rein Ggitck ae te aie ARNE ote er rcs GBs Hated O'S LOSS 26 560.9 
710, aes ee ne ee eee ee A enn oa pe Oe Oma ro co SOI ONO c to 8,413.5 . 
O11 A ae eee a er hee ns UR ee oe ae ROK OO OOD ON ON ern OO 22 Lot 8,413.5 
CT a i Me snare eM ik Oe wen Me ort cei we ONG ADO ado ODO 30 LoS 6,730.8 
OTS a i ne we Pare wr hae art, an ase oo TOS a Dav aa toes: 6,730.8 


It will be at once seen that the different soils took up entirely dif- 
ferent amounts of lime; the quantity ranging from 560.9 pounds CaO per 
acre in the case of soils No. 7 and 8 to 27,000 pounds in the case of soil 
No. 4. 

Soils No. 7 and 8 are sand, while all the other soils may be classed as 
very fine sandy loam. Since the texture of the latter soils is more or 
less the same, their different lime requirement must be due to the dif- 
ference in the cultural treatment they have received. In other words, 
the great variation in ihe lime requirement of these soils, which originally 
probably belonged to the same series and type, is caused by the different 
cultural treatment they have received. Indeed, their cultural history, 
as indicated by the following communication from Mr. Pember, proves 
such to be the case: . 

“The soil of samples No. 1 and 3 came from field plat No. 23 in the 
spring of 1915 and was stored under greenhouse conditions until used. 
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For full description of the growth of plants in the field on this soil, see 
Rhode Island Bulletin No. 160. Before growing barley in this soil the 
past winter, a liberal amount of K N and P was added to the soil. No. 
2 received in addition C. P. CaCO, at the rate of 3 tons per acre, area 
basis. No. 3 received in addition a solution of H,PO,. 

Soils No. 4 to 6 came from the benches in the greenhouse where the 
carnations are growing at the present time. All had received stable 
manure for the last three years and Nos. 4 and 5 have had tle stable 
manure supplemented with large amounts of chemical manure. Nos. 
7 and 8 are sand in which carnations are growing for the third season 
and the chemical manures added during the three years have exceeded 
the amount added to Nos. 4 or 5. 

Soils No. 200 and 201 came from the vetch-clover area of the corn acre 
this spring but the samples were taken about four weeks apart. Nos. 
202 and 203 came from the fallow area of this same field at the same 
time as No. 200 and 201. We speak of the “corn acre” because this field 
has been planted to corn each year for about twenty years. One section of 
the field has crimson clover and winter vetch sown at the last cultivation 
of the corn, while on what we term the fallow section, the corn receives 
clean cultivation throughout the season, and the section remains fallow 
the rest of the year. 

Carnation plants put into Nos. 4 and 5 last fall failed to make much 
growth, and have done very poorly since early winter in.sand No. 8. In 
No. 2 the growth of the barley was much improved by the addition of 
CaCO, while the addition of H,PO, depressed the growth only 19%” 

The values of the lime requirement of the different soils as shown in 
table 14 are of very great significance in the light of the facts contained 
in the above communication. According to Mr. Pember’s letter, for 
instance, soils No. 1, 2 and 3 came from the same plot and consequent- 
ly they should be quite uniform texturely. They all received liberal 
applications of K P and N. Soil No. 2, however, received in addition, 3 
tons of CaCO,. This soil, therefore, shows much less lime requirement 
than soil No. 1 which may be taken as a check. Soil No. 3, received, in 
addition to K P and N, also a solution of H,PO,. This soil shows a far 
_ greater lime requirement than the other two soils. 

Soils No. 4, 5 and 6 received stable manure, and soils No. 4 and 5 
received in addition large amounts of chemical fertilizers. The lime re- 
quirement of soils No. 4 and 5 which received the chemical fertilizers 
is much greater than that of soil No. 6. 

Soils No. 7 and 8 are almost quartz sand and although they were 
treated with large applications of fertilizers, their lime requirement is 
very small, since quartz sand usually takes up very little, if any, lime. 

Soils No. 200 and 203 came from the same field but soils No. 200 
and 201 came from the “corn acre” and Nos. 202 and 203 from the fallow 
area. The former two soils show a greater lime requirement than the 
two latter soils. . 

The failure of the carnations to grow in soils No. 4, 5 and 8 is not 
due entirely to the lack of lime, but to the tremendous concentration 
of the solution of these soils. These soils have received, evidently, such 
large applications of chemical manures that the concentration of their 
solution is really tremendous. Thus, at a very high moisture content, 
almost at the point of saturation, these soils gave a depression of over 
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.600° C., which is about 30 times as great as that of normal soils. Ata 
lower moisture content this depression would be much greater. Now, 
when it is considered that the depression of the cell sap of young cereal 
plants amounts to a little less than 1.00° C., it becomes at once evident 
that the failure of the carnations to grow in these soils is undoubtedly 
due to the great concentration, of the soil solution. 

The results on the lime requirement of these Rhode Island soils seem 
to afford a most excellent confirmation of the previous laboratory results 
and a definite proof that the lime requirement value, as indicated by the 
freezing point method, is due to a definite factor and this factor seems 
to be somewhat related to crop growth. 


SUMMARY. 


In the present paper there is presented the freezing point method as a 
new method for determining the lime requirement of the soils and possibly 
the nature of their acidity. 

The method consists of adding to 2 grams of soil 10 c. c. of water 
and determining the lowering of the freezing point. Then to this mix- 
ture are added various amounts of Ca(OH), until there occurs a change 
in the magnitude or direction of the freezing point depression. 

The method is based upon the following principles for indicating the 
lime requirement of soils and the nature of their acidity: (1) If a soil 
contains a free soluble acid or acid salt its freezing point depression de- 
creases upon adding to it various quantities of Ca(OH), until a certain 
point is reached and then it begins to increase with further addition of 
Ca(OH),. This point is considered to be the point of neutralization of 
the acid or acid salt and of the saturization of the soil for lime. The 
results plot into a type of curve which is designated as an acid curve. 
(2) If a soil, however, contains neither a soluble acid nor an acid salt 
but possesses an absorptive power for lime, due probably to the unsatis- 
fied silicate compounds and organic matter, the freezing point depres- 
sion remains constant as more and more of Ca(OH), is added to the soil 
until a critical point is reached and then it commences to rise with 
further addition of Ca(OH),. The critical point is considered to be 
the saturation of the soil for lime. The results plot into a type of curve 
which is designated as an absorption curve. (3) If the soil contains 
neither a free soluble acid or acid salt, nor an absorptive power for lime, 
i. e., it is already alkaline and saturated with bases, then the freezing | 
point depression starts to rise almost immediately upon the addition of 
a small amount of Ca(OH),. The curve obtained from these results 
is named the alkaline or no-lime-absorption curve. 

‘The method is simple, accurate, extremely rapid, entirely different in 
principle from that of any other method now in vogue, and appears to 
be very promising as it affords a direct means of studying the problem 
of soil acidity. 

The lime requirement of over 95 different soils in their natural state 
was determined by this method. The results show that the amount of 
lime taken up by these soils varies greatly. 
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The freezing point method gives much higher lime requirement than 
the Veitch method. It appears that the former method probably gives 
the true maximum lime requirement of soils. By true maximum lime 
requirement is meant the total amount of lime required to neutralize any 
soluble acids and acid salts of soils and to satisfy their absorption- 
adsorption properties for lime. 

All the mineral soils tested gave an absorption curve, indicating 
probably that they did not contain a soluble acid or acid salt. 

The absorption curve of the mineral soils signifies that the Ca('‘0H), 
is taken out of solution and is rendered inactive as far as the freezing 
point depression is concerned. The substances which accomplish this 
are in the solid phase. A critical consideration of the soil mass as well 
as many experimental evidences seem to indicate that these solid sub- 
stances, in the case of the mineral soils, consist mainly of unsaturated 
silicic acid, silica, acid alumino-silicates, and perhaps insoluble organic 
matter, probably in the colloidal, hydrated form. 

The ‘absorption curve also indicates that there is no basic exchange 
in soils, when a hydrate is employed, until the soil is satisfied or satur- 
ated with the base. 

Only a few peats were tested and most of them gave an acid curve, 
indicating probably that most of them contained free acids. 

The same kind of soils took up Ca(OH),, KOH, NaOH, and NH,OH 
in non-chemically equivalent amounts. As a very general rule each “soil 
tended to show a specific reactivity for these different hydrates. This 
unequal absorption does not appear to be against the value of the 
freezing point method. 

When a soil was satisfied with one base it took up very little if any 
of another base, or if it did, it released a corresponding amount of the 
one with which it was already saturated. 

On the other hand, when a soil was only partly satisfied with one base 
it absorbed a corresponding quantity of another. 


The addition of acids and acid salts increased the lime requirement of 
soils. The magnitude of the increase was approximately equal to the 
amount of lime required to neutralize the quantity of the acid or acid 
salt added. The results plotted into an acid curve. 

When a soil was treated with an excess of acid and then washed, the 
lime requirement was also increased, but the results plotted into an 
absorption curve. 


When a soil, which showed a high lime requirement, was treated with 
an excess of acid, the clear supernatant liquid failed to give an acid 
curve, indicating that it contained very little if any acid. The litmus 
paper test showed that it was very nearly neutral. The sediment, how- 
ever, gave an acid curve, signifying that it contained a considerable 
amount of acid. It turned the blue litmus paper red. When this sedi- 
ment was washed with water, however, the acid curve could no longer 
be obtained, showing that the acid was washed away. 

All eotnile salts increased the lime requirement of soils, but the magni- 
tude of increase was greater in the case of the neutral salts than of “the 
acid phosphate salts. All of the former salts employed augmented the 
lime absorption of any one soil to the same degree. The same was true 
of all the latter salts. The increase, however, in both cases was only 
temporary, as after washing with water the soils possessed the same lime 
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requirement as before treatment. Before washing, the soils gave the acid 
curve with all the salts, but after washing they all yielded the absorption 
curve, proving that the substance which caused an increase in the lime 
requirement and produced the acid curve, was washed away. 

The same phenomenon was observed in the case of the salt solutions, 
as in the acids, namely, when a soil which showed a high lime require- 
ment was treated with an excess of salt solution, the supernatant liquid 
failed to give an acid curve but the sediment did, but when the sediment 
was washed with water, then it no longer gave the acid curve, but the 
absorption curve. These phenomena are very remarkable and exceedingly 
significant. 

Since no mineral soil out of a great number tested gave an acid curve 
but only an absorption curve, and inasmuch as the free acid, and acid 
salt produced in these soils when they were treated with neutral salts, 
or acid and acid salts, were carried away by washing and the soils then 
gave an absorption curve, the conclusion seems to be that the presence 
of soluble acids, or acid salts, in the mineral soils under favorable 
natural conditions is only temporary, if ever present, and never per- 
manent. The acidity or lime requirement of soils, therefore, seems to 
be due mainly to the insoluble acids of the soil, the silicic acid, silica, 
acid alumino-silicates, and perhaps to the insoluble organic matter. 
There appears to be then practically no active acidity in the mineral 
soils, but only negative. Exceptions to these general statements are 
probably very few. 

In the peats and mucks, however, the formation of organic acids is 
probably quite rapid, and consequently these soils, as indicated by the 
data, may contain permanent active acidity as well as permanent nega- 
tive acidity. 
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REPORT OF SECRETARY-MANAGER. 


To the Members of the Executive Committee: 


The 1915 State Fair was successful from a financial standpoint, notwithstand- 
ing the weather conditions were very unfavorable, leaving us a sufficient amount 
to pay all our necessary expenses for the year and to care for the bonds and 
interest falling due May ist, 1916. 

The total receipts amounted to $144,978.49 and the total expenses for the year 
amounted to $130,380.23, showing net receipts of the year’s business of $14,598.26. 
The difference in receipts and expenditures over 1914 was due largely to the 
fact that in 1914 the purses paid for the Grand Circuit race meet amounted to 
$37,715, while in 1915 we paid $7,670. It is my opinion that we should continue 
in the Short Ship circuit, as it took all the receipts, including the Grand Stand, 
to pay the purses in 1914, while in 1915 the total receipts, including the Grand 
Stand were between $7,000 and $8,000 more than the amount expended. The 
total premiums awarded and paid amounted to $26,844.33, which includes badges 
and cups for champion prizes. 

There were 136 Membership tickets sold and 1,261 $2.00 and 50c Exhibitor’s 
tickets. The receipts from stall pens and poultry fees amounted to $1,653. The 
Auditor’s report for the year included herewith gives a summary of receipts 
and expenses in all Departments. 


Appropriation: 


Regarding the recommendation made at the last Annual Meeting asking that 
a. Committee be appointed to take up the question of an appropriation at the 
next legislature, I wish to report that I immediately went to work on the matter 
with the result that we secured an appropriation of $50,000 per year for the 
years 1915 and 1916 to be distributed to Michigan Fairs, the Michigan State 
Fair receiving $16,000 as their portion for 1915, which has been received and 
used for the payment of premiums. 

The appropriation also carried with it the appointment of a Commission, known 
as the Michigan Agricultural Fair Commission, with the following members: 


Michigan Agricultural College, Robert D. Graham, Grand Rapids. 
Ancient Order of Gleaners, Grant Slocum, Detroit. 

Michigan Farmers’ Clubs, Alfred Allen, Mason. 

Michigan State Agricultural Society, G. W. Dickinson, Detroit. 
Michigan State Grange, John C. Ketchum, Hastings. 

Western Michigan Fair, Joseph H. Brewer, Grand Rapids. 


The $50,000 appropriated by the legislature was, in my judgment, and I think 
in the judgment of the other Fair Secretaries, apportioned in an equitable man- 
ner and I feel certain if the matter is properly handled, we should experience 
no difficulty at the next session in securing a continuous appropriation of this 
amount, or even greater. 


$60,000 Bonds: 


With reference to the recommendation of your Secretary at the last annual 
meeting, that we make a second mortgage bond issue of $60,000 to cover the 
floating indebtedness, I wish to report that the bonds were issued in accordance 
with such recommendation and sold te the Dime Savings Bank at one per cent 
discount. This money was used for the payment of floating indebtedness, mak- 
ing a total bond issue of $250,000, $5,000 of which was paid last May, making 
outstanding bonds unpaid at this date of $245,000. There will fall due May ist, 
1916, bonds to the amount of $10,000, and the interest amounting to $7,350. 
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There are also bonds of $10,000 due in 1917, 1918 and 1919, and $205,000 May 
Ist, 1920. I take pleasure in reporting to you that this Society at the present 
time, has no floating indebtedness, and it will not be necessary to borrow any 
money this year. 


Insurance: 


The buildings have been insured this year at a cost of $1,952.38, which is 
a reduction over 1914 of $297.62, with practically the same amount of insurance 
carried. We also carry Employes’ Liability Insurance with the Casualty Com- 
pany of America, at a cost of $82.40. 


Automobile Races: 


On Decoration Day and the day following, May 30th and 31st, I arranged for 
Automobile Races. The net receipts to this Society from these races amounted 
to $2,430.85. 

On Sunday, October 17th, I arranged for Ford Auto Races, the net receipts 
from which amounted to $1,436.12. 

The Interstate Racing Association of Toledo, Ohio, leased the track for Motor- 
cycle Races on Sunday, June 18th, 1915, for which they paid $500. I again 
rented the track to the same Association for Motorcycle races on Sunday, Sep- 
tember 19th, 1915, for $300, as it was very evident that the Racing Association 
lost money at the first meet. The total net receipts for the four meets amounted 
to $4,665.97, a detailed statement of which is included in the Auditor’s report. 

Our Society saved on account of securing their sanctions from the International 
Motor Contest Association, the new racing association, rather than from the 
American Automobile Association, which black-listed us in 1914, $250.00 on the 
five days auto races. We also had automobile races two days and nights the 
last week of the Fair, which brought out large crowds and paid us well. 


Buildings: 


The rental of buildings for storage purposes in 1915 amounted to $2,724.55. 
The total receipts for rental of buildings and race track during the year amounted 
to $6,994.63, which together with amount received from the automobile races 
makes a total of $13,766.08, being all the receipts outside of those pertaining 
to the Fair. 


STATE EXHIBITS. 


Fish EHahibit: 

On August 4th, a meeting was called with the Michigan State Fish Commis- 
sion for the purpose of securing an exhibit at the 1915 Fair, and after consider- 
able discussion the Commission unanimously decided to make an exhibit. The 
same was placed under the Grand Stand and I believe the number of people 
who visited it and the interest manifested that it was a splendid attraction and 
a great benefit to the Fair, the Fish Commission and the fish industry generally, 
as it enabled the people about the State to see the different varieties which in- 
habit Michigan waters. 


Jackson Prison Exhibit: 


On. July 10th I took up the question with Warden Simpson of the Michigan 
State Prison at Jackson, of making an exhibit at the Fair and found him ready 
and willing to co-operate with us. As we had no place inside to conveniently 
locate this exhibit, it was decided to use a tent, which was placed north of the 
Horticultural Building where all Fair visitors were enabled to see the products 
of one of Michigan’s State Prisons, which proved very interesting. 


Dairy and Food: 


The Dairy and Food Department gave us an exhibit in the Dairy Building, 
which was very creditable. 
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Michigan Agricultural College: 


Some branches of the Michigan Agricultural College were also on exhibition, 
but it is hoped that we will be favored with a more interesting exhibit from 
the M. A. C. at the 1916 Fair. 


DEPARTMENTAL EXHIBITS. 
Horses: , 
The Horse Department exceeded any Horse Show I think we have ever had 
and was enjoyed by all. 


Cattle: 

The Cattle exhibit was light, although about as many breeds were shown as 
usual. The decrease in number of exhibitors was due largely to the hoof and 
mouth disease. 

Sheep and Swine: 

The Sheep exhibit was in excess of 1914, while the Swine exhibit was about 

equal to last year. 
Poultry: 
The Poultry exhibit was far in excess of last year. 


Farm Products: 


The exhibits in this Department fell off slightly over 1914, but the show was 
one of the best ever held in the building. 


Machinery, Implements and Vehicles: 


The Machinery exhibit was very interesting this year, although our Machinery 
Field was covered with water and needs draining. The tractor exhibits were of 
more interest than heretofore and I believe can be made a great drawing card 
for the 1916 Fair. 


Fruits, Plants and Flowers: 

The exhibits in these departments fell off slightly in number over 1914, but 
in quality were far superior to any we have ever had. 
Dairy, Domestic and Apiary: 

The Dairy, Domestic and Apiary exhibits showed a splendid increase over last 
year and every foot of exhibit space in the building was taken. 
Needlework, Handicraft and Fine Arts: 


I am pleased to make mention of the improvement made in the Needlework 
stp laces which was conceded by all to be the best exhibit we have ever 
held. 

The Handicrafts and Fine Arts Department is also worthy of mention; a suit- 
able building should be provided for this department, which would be the means 
of bringing us an interesting exhibit, which would be appreciated by many of 
our visitors. 


Educational Department: 

Exhibits in this Department fell off slightly in number, but the quality of the 
exhibit was good. 
Boys’ State Fair School: 

The Boys’ State Fair School was of usual interest and although expensive, it 
assists us quite materially in advertising the Fair throughout the State. 
Better Babies’ Contest: 


The Better Babies’ Contest exceeded the 1914 exhibit, having 108 contestants 
against 35 last year. 
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SUMMARY OF AMOUNTS OF PREMIUMS OFFERED AND PAID 
Premium Cups 
Ribbons and Purses Offered 
# Departments Mich. Others Total Offered Amt. Paid. 
orses: 
Breeding: (CLASSES Hee etre elepe ashe «eos ere $3,684 00 $225 00 $3,909 00 $2,312 00 
Bivesin gS a SO ws «sisin< ath ielckohiie loress mene A AUB OUP atterinetetnael ne 4,415 00 ,305 00 
Cattle r S ne eee cee Ce ee ices 7,559 00 788 00 8,347 00 4,522 00 
SHEGD Nee < f's SE eee ea echoes 3,330 00 140 00 3,470 00 2,908 00 
Swilte'se, si! ay yesehn, sebonals. re eae ehceremevenen tees eee 2,836 00 225 00 3,061 00 1,673 00 
POULERY: Aaaiow vcietets staueeain wersiees wigs arene 2 206100: Sines 2,206 00 1,721 00 
Agricultural and Horticultural........ 4,351 50 50 00 4,401 50 3,324 75 
Plants and’ WGwers: 205 sche othe eae SaTSOON PRN sane 857 00 585 00 
Dairy, Domestic; “Aplary ss sic sccs6 ea a Nes Fy Oa Fd okt ABV evi oeroe 1,147 25 904 44 
Needlework, Handicraft and Fine Arts. LSD Oke te arevcistehelete sags 1,155 50 467 50 
HMdncation dlemiaectscs lott e ee le BOT ACOs ret eeerae eee 1,307 75 793 00 
Better) Babies Contest. .0lne47 oe eee ele RESAOO Me ie sey. caievets 168 00 119 00 
Total Cost -eremiimm sere acre secs $33,017 00 $1,428 00 $34,445 00 $23,684 69 
207 toe Mich... Wxhibitorss ool Se Pee Pew ae ae We oe ate ne ener 1,630 65 
RUD DONS) sce Shcvas stereyes ah aye! gisele Grier else oot an iota Bou soo wa tewha stanton: 330 938 330 93 
UDS a Dic.c cece. sis abe vit age trehepansuets motos eteaelcs Sle wOO “cevelscstete tn ete 817 50 746 50 
$34,165 43 $1,428 00 $35,593 43 $26,342 77 
Speed Department ..... sete rece eee tsi OOOO Ma teactesatege mye: 13,200 00 7,670 00 
$47,365 43 $1,428 00 $48,793 43 $34,012 77 
HORSE DEPARTMENT 
Amount of Premiums Offered and Paid 
Breeding Classes 
No. Entries Premiums Offered Total Amount 
. Classes Mich. Others Mich. Others Offered Paid 
Standard Bred «fav enele a seve ee) teins 24 4 S450 00 ee $451 00 $212 00 
Hackney—German and French Coach 26 8 ASGOO Nene 436 00 291 00 
PEreherony. aes eas ons eke terete eles 18 53) ATS OOF siyceoow 473 00 273 00 
Gly desd alesse. eisinicneccusra lois tanntneeante eieeee Doo mntee AGS O0s miter. 473 00 350 00 
Hinglish (SHiITey sc s,s: carota ote eteneteyel erates , il A ASO! Aes cmbage 473 00 35 00 
Belotane’ 5 iss. 2 Shs seech hie hit eae 60 57 436 00 225 00 661 00 392 00 
SUT Oe os cicned oe icy. saan aa ae See erehegs No entries 
Welsh? Ponies: tae: & aiece cross se ecpras 1 11 180 100s Sans 180 00 110 00 
SHebAand: VPONICS cic 2 2c. sloclse oeetotes ae, 15 2 OOS cr ener eats 172 00 146 00 
Heavy Draft Mares and Geldings.... | tae oe SOOROOEM Sr crn 350 00 263 00 
[BSA ADK iq otl nian au0 bao cer Ol isratsee LOO OOM a ciasets 190 00 190 00 
Largest number Draft Horses ex- 
hibited by any one exhibitor..... LS E.G BOPOO Re rt 50 00 50 00 
Torward to evening show.... 264 152 $3,684 00 $225 00 $3,909 00 $2,312 00 
HORSE DEPARTMENT 
Amount of Premiums Offered and Paid 
Evening Horse Show 
No. Entries Premiums Offered Total Amount 
Classes Mich. Others Mich. Others Offered Paid 
RGRASEOTS) Yes sacha. fous fo cusaetsiey sie sue cape exe a ily 8 S380 005s ice ais $380 00 $315 00 
Runabout, (Classi) .c Satie oatere ape tiie = aly 9 190100" ee ee 190 00 190 00 
ETATIRESS) Bie erie) oueete eter enekeke aise: v's (attewrel oF oomiee 30 18 S00 700 evteaere 800 00 765 00 
GBs cccteiensred ters be AUSeLS ‘6 eR shayra oat dake Me i$ 3 1O00ZO0 See 100 00 100 00 
Tales CIA ee actes oiecs Goren tteuh eect sean 11 12 ZITO" OG: wy chen 270 00 270 00 
Four-In-Hand and Tandems........ 5 6 2607002n Sw fete 260 00 260 00 
Championship Harness Class....... A a OG 50 OO n eenoiets 50 00 50 00 
Saddle * Horses gies cusstie'e cocker sue avs 48 38 85> OOf neue ties 855 00 845 00 
Shetland SB oniest saute otchettenssioieiciets we 8 Dy OOM reeset orale 225 00 225 00 
Welsh iPonieg ea. «aires ae peteuieerte 3 5 RODMOO eer 105 00 105 00 
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No. Entries Premiums Offered Total Amount 
Classes Mich. Others Mich. Others Offered Paid 
Ponies other than Shetlands to Har- 

LOSS tags ie mite slide getarlatn aoss nie e Giessen Olas 8 alk 230 00 ra nsete re 230 00 230 00 
Rbonters and! /SuUmperss «= Ss avec. » ote 50 43 DOOM Mreccteyers 750 00 750 00 
IMGT REM SOL CO etn re ciecse est cieis ond Glan 4 Sats ZOOTOO Lean: 200 00 200 00 
Evening Horse Show Total........ 218 GUS 41500 eSe cia. $4,415 00 $4,305 00 
Maye iorse sonow es Lotale s f.4. cin ere oes 264 152 3,684 00 225 00 3,909 00 2,312 00 
ZO shoe Mich. Mxhibitors,,..sscke..- Acc SOND achS NCEE KC ne ah te eh OS chase 287 00 
PEM ERTIN CHA SMBar Mente CE sien sreN- eicus iettcniciens 1c astern, ei Morahian craic ate TL ceren CRO) ei oee ebay W Ralnume rear 53 62 
RaE LCT CULT Siete creat heya efoto tere stat uate eater e a bnetemasce WE Cr arc Taae hic eter a ate Rie ihaae cre ste vate anesaitors 168 00 

Granade Lota Sax wee ot sation torece 482 313 $8,099 00 $225 00 $8,324 00 $7,125 82 
SPEED DEPARTMENT 
Statement of Racing, Michigan State Fair, 1915 

No. No. Amt. Amt Amt. 

of of Class of Purse Amt Entry Entry Net 
Eniries Entries Trotting Offered Paid Fee Fee Cost 

‘ Collected Refunded 

7 iG A ee andra ite $1,000 00 $800 00 SSO0 CONS aa ae cee $500 00 

17 8 ia Ue ee ear nan iene 1,000 00 800 00 SLOPOOE we ti see 490 00 

15 ily, DAN APR ale ater ares 1,000 00 800 00 SH OCOORRS si cuter 450 00 

23 15 eS yaaa he i oracec 600 00 SOOROOKe ches Ohad Set tecewers 360 00 

18 ef DDO veaie els 600 00 SOOMOO PI Stetina 1 ctbcouseemeie,? 360 00 

SmrDeclaredOta Diplo waste tow. BOOB OO seats cea Stas ehcie s O | acava Rt Ny gears ea aets 
31 20 DOM 15 dit eeece er eats 600 00 DOOR OOM reclame 8 ce reiiiee 360 00 
16 10 DEUG. | cbs caeete ioe 600 00 SOONKOO MP Sea) Skea dies 360 00 

9 (4 2:20 3 years old 600 00 SOON OO Dear inteten cs L coneaeneotenere 350 00 

Pacing 

16 6 DOA yen necskcaberetese 1,000 00 800 00 230. COL wrens tee 520 00 

18 9 ASW (oes 8 ree ee 1,000 00 800 00 380" 00F axetiee 420 00 

11P2 6 De om Sees Nerareh 1,000 00 800 00 VGO"OO2 Vow sane 640 00 

24 13! Dit) At sererevreneneta ions 600 00 SEOROO? Maj oeemcur Mono atee 360 00 

1OmeDeclarediof: Di) “s5222 cs. oe GOOR OO my tate geevoes. sac Sears ex shs eset ertccecat er. cae bemekonehe 

27 lye DBO ares rer skeveiere 600 00 SOOMOO!) 3h terse su erctenosekert 360 00 

LGeesDeclared: Of 2) sisi se.k, rake GOO OOF er erens thsi batons etecnshel = cvaseratenierae i kawterenent snets 

25 10 2G aencs ee necerene 600 00 3602005 ae a siecer (Sones 360 00 

4 Declared off Free for all..... LULU S Sine ere Oc eine arene caeieecrem Bett cra o kbs 

312 149 $13,200 00 $7,670 00 $1,780 00 ........ $5,890 00 

Final Summary: 

1915 1914 
otal amountsoflered: im: Premiums, 33.206 wh ave ala choses ee wee ea ans $13,200 00 $51,600 00 
EOL AMVMOUIC. Ale Olt, 1s winnlin eS ry. os.chis she « terelnate eit ar eies c 7,670 00 37,715 00 
Totalwamount) entry. “fees. collected: sco 22..0 vee oleae Wesgware ts ss 1,780 00 21,985 00 
PL OCAMECOSE) OF STAGES orale cit tos Syesece ete ore ee alo eek AEE rE OTOH re hoa ee 5,890 00 15,730 00 
CATTLE DEPARTMENT 
Amount of Premiums Offered and Paid 
No. Entries Premiums Offered Total Amount 
Classes Mich. Others Mich. Others Offered Paid 

PHOLLUOLN AMS rs aera ete cteroetere onetime 64 54 $682 00 $341 00 $1,023 00 $843 00 
Boiler maDir taniee ss 2. a «aise ances ete 34 PAT GTUSOOF ire ee 671 00 402 00 
FIGEELDOLGHS se eee aa he ecto 55 aie 671 00 200 00 871 00 478 00 
Aberdeen) Anpas! si fie see oe wes 64 39 671 00 147 00 818 00 590 00 
GallOwa yn 2) kas rlarsce etsy eats oak Meee 37 G635007 aes 663 00 256 00 
Red Bowed: (st-n.7ee actress ceed 23 19 Gil 00) wiseces 671 00 380 00 
WOTSC Yrs: occ «ate nae Day easrsdiheralevesn oak 45 Se 670.00 75 00 745 00 464 00 
MTLON TIS GY Pa ot ios Sevts evet ad cock create: eee 28 ONO ee cea a 670 00 193 00 
Holsteln-Mriesian © 2% sx aeave atone s are ele OL Aart GOD art eee 671 00 377 00 
PGES DULG oo. toie Ast rc>cdo, Ncuaadyeberas ste, tor ohohs 0 Waterers GDS) 00). eae. 3 658 00 117 00 
SLOW COWESS hicces «<5 cy titetatehec Matera tials Ke 24 606 00 25 00 631 00 214 00 
Dairy Cows—All Breeds........... 7 1 MOOI OOM a ees. 100 00 100 00 
DMI LOCEIS: forelsiis, c's ace exe! opsqalarerk eu aten ele 6 2 UZ OOS wavernrrcts 125 00 78 00 
Ber neniat gm PECL <)s 0% era;s steraleiotatetas Diyestageta SOn00s ss. 30 00 30 00 
PRMD GES Maat stats raie ees. 6 0 Telvie eeas lens 882 240 $7,559 00 $788 00 $8,347 00 $4,522 00 
207 to) Mich. Wxhibitors...:... <0. « Bionete Masti alow Mirch ono operate Vee ork More aie crore 657 20 
UID OM IE oie stele ctartatatonsidcverers .< ove ofejo*alate Spiiatech oreadhutty Tetefarers teary Me sleet cm, kt 42 02 
ly Crean OLN Sea eer eataba te rateay aaa’ at oh ci sialic ool sav inverotereba eNaieroreom a creLeh ae aiael th arctiners, © «Ala tvomion 189 00 
GANG. TOP Ale tteletst cere era te ore ous aie cnchal atch enh. ahets erer eh atac statues $5,410 22 
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SHEEP DEPARTMENT 


Amount of Premiums Offered and Paid 


Classes Mich. Others Mich. Others Total 

No. Entries Premiums Offered Offered 

SHrODSHITGMs. Peis arb wieksle aisle cosets encore ot Rae See $270 00 $80 00 $350 00 
PLaMpPSHire > Ses vise cates eaietersioi aia. teOehes 53 15 270 00 30 00 300 00 
ORPOTO COWS hc sienc ceils eletel erin nc ote 39 21 DO! OOWOr. rea oe 270 00 
South mowing) cvcve sued eters se ayenen aeteatwe 28 28 210 (OO\ Roe ae 270 00 
FLOTN eH: SDOTSCES, sk sscruie ec suche cis oe erm 30 41 20700 =e teats 270 00 
C@Cheviots = Perit tive satrceta oh stem 29 50 PAC URCULUM eer Rene 270 00 
WOESWOIN + poe misnicls @lerels an cuchaenenerare eye 16 22 270 00 15 00 285 00 
TOLCGSEOI peisteichel a/c olerckcate tate ete. /o me veleioiaieye Lieto cage ORO tutes 270 00 
Bitte) bee eS Ae AC ec ret I hoe 35 22 260" OO) era teiexers 270 00 
WEAN e PLT ome che cileleraia sissies aessete ets 74 30 210 OOF ee ee ae 270 00 
American®) ACEING! jc). :se: my s)ecclepcie evokes 64 36 ZOSOO. aenrae 270 00 
RAMNOULILCES mh hiicise aise = sie elalweictacsrers 68 16 ZO NOOO? vate es 270 00 
Wat PSHCED ies teisietcheteitieis pera cite evsiedsts 32 1 90 00 15 00 105 00 
MPO tal. - cicveeecie tae Steele sisi enetele 574 ee $3,330 00 $140 00 $3,470 00 

20% to Mich. Exhibitors............ ee et hole AOR e ine TOL Okiom as Coo a6 
RIDDOMS mle cholera eke we ietele ters) tetaouseinieusl eiene ERS ye yer RON OC RE mS LID OIC tim Poh mere 
Silver @UpSiicm stvesncentcte i) oholer skelter ICO Oo orc ons Seba. <Soeomoe+ 
(Sninirel Minibil sa ondapooonuded J Praatah Conataeh acento osama iba en etete etn Mitek epsee rat etnte 


SWINE DEPARTMENT 


Amount of Premiums Offered and Paid 


No. Entries Premiums Offered Total 

Classes Mich. Others Mich. Others Offered 

PSELESHITOS cciiis Vel eitela ecto hele terete olere core wilene 60 335, $322 00 $42 00 $364 00 
Poland’ China! Gry. eos eters everest e 39 38 S52 OOP es erin 352 00 
inGhids[iiblusn we tocpiato comcdo.6 OW Gaon s 28 30 SH US sees oo 352 00 
Victoria and Small Yorkshire....... BOs eye SOLE OO tee et tskare 352 00 
@hesterl White ..6<.02 60s 2 «ta tacerste cus 24 Th 15h OU iro oes 352 00 
Meare! CVOTICSHITE). isis loaieccheretaloze eraierennte No Entries 352 00 15 00 367 00 
WULOCMICESCY = oe siohetereiolchclelerate sieve sinters 89 Pail 352 00 168 00 520 00 
MAMI WOEL) sc cists cvskels s ofeis wacversiavennerene Peal Par Sip ETN oer rad 352 00 
DUERCENO SSIa ote ets notes lecomere teuote atotee snes: Die Wh crete 5OVOO es ere cee 50 00 
MD QbAL SS. scyeletenensaie e spavavexe sifehe sues 296 bars $2,836 00 $225 00 $3,061 00 
207510) Miche: WxHIDItOTS. os erccecie tee eae Ie eee ao: Saco Gore ou oe oc 
LPO NES og AA OOWAS SOO OUD o A orks Sa BOA eo OU. aor aoC cof 
Shinge CIins Gants ooode obs doo ase a et ee oh oo aos G4 COS po0. OS'S 
TAT Ge OLA ied tets) <ieiskere are sele nets Nick Se SOOO Oe SS Sooo tS 


POULTRY DEPARTMENT 


Amount of Premiums Offered and Paid 


No. Premiums Offered Total 

Classes Entries Mich. Others Offered 
LUT Mbin 7 Me Spoon Antena rOnS Ooo. coe oaae 1308 SARIG4 OOP ee at ee $1,164 00 
JB val ei 1S eRe tone, 5 Gin cecickcoco Dh ROOtD. nano Sins Oe - 422 SOGT ORs ceive 396 00 
Turkeys, Ducks and Geese............-- 376 BEG UD Soo besos. 336 00 
LEI ail: oe O cs Cao COUN OOdd.COAaOb aids S000 sc 149 DOS O00) acetone 205 00 
Rares eas. Niabtecleics ares cues s.cieuens Deb enreocis 110 LOSROOM 7 Reece © 105 00 
ITSO Tend ones arcuehs “stele che ve tase = co Alee hetahetons D3GDi Maen Ome aiemictustets $2,206 00 
FRIDUGHS aes hes Sen ane Pe Schade canal Sicysl Sie. 'c  \ Weneuctie) me oaiionaj(ollne mie Mate tesa eRe een 

Grands Motal = oo Gis bce ere tert chelee. casters: iatah shore eka aioe iiede 10 ok Seis ieton UP nats 


Amount 
Paid 


Amount 
Paid 


$319 
233 
314 
195 
132 


00 
00 
00 
00 
00 


No Entr’s 


$1,869 
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PLANTS AND FLOWERS 


Amount of Premiums Offered and Paid 


No. Premiums Offered Total Amount 
Classes Entries Mich. Others Offered Paid 

PSS eM OLS teers: ais, pleianeh sievetereeters Siare ose 12 $290) OO} 5.455. meee $290 00 $110 00 

Plants in Boxes and Baskets.......... iil BY: Oe carina gins 57 00 25 00 

CUE BIIOWELSIT. teteie.s aicteleuw oe s)a cis eee 8 sles 16 AY OSOOT Us teustace siete 420 00 420 00 
HEAR VEST ONS ee Gevie: steelers a.gvoieraweye rateliecornias 2 TRI US aly Bien SO 75 00 25 00 ° 

Epic DIS OU QUEL oo. crais,chskens- ctohere oe eireerereneL eles 2 OO aes steve tate cte 15 00 5 00 

Grande Loewe ess cee eras clu cietene he 43 DSH OOM torres. T3608 $857 00 $585 00 


DAIRY, DOMESTIC AND APIARY 


Amount of Premiums Offered and Paid 


: No. Premiums Offered Total Amount 
Classes Tintries Mich. Others Offered Paid 

Butter, Cheese, Milk, Cream............ 16 SOSOMOOK Man a tl cnete $686 00 $485 44 
MAMI RCONTES Eiaiats, «0. oars stcieyclonhowiesevers alert +t SO Olnxectestece ctcts 32 50 32 50 
ipreade@ake and: (Riess. 2 stesaeedtae ae came. 97 LOSMOO mays icvckotevers 108 00 103 50 
Canned Fruits and Vegetables.......... 48 A OO ee suerte crok 42 00 41 25 
Preserves, Jam, Jellies and Pickles...... 144 PZ9N 2 eterpssciaccte 129 25 Ti, 20 
DUVILES) Setevetave cpavcc craps eevee chore Suisun; era enarei ere 20 UT DOM tere pekerere 17 50 16 50 
ATE Oris es eret ee aisiat > Leidionerbhole ne ete tayecebeit he 39 LS VAGK YD) ecm eins ache 132 00 108 00 
SOSU el Any LF  cverencl of slote $1,147 25 $904 44 


AGRICULTURAL AND HORTICULTURAL 


Amount of Premiums Offered and Paid 


No. Premiums Offered Total Amount 
Classes Entries Mich. Others Offered Paid 

(IMA SCOT Siias ae A cer Paiecrelasake leteareae 255 SOCOSOO! yan vies $660 00 $582 00 
RST ee A TEST enna recat cy seers kon. © "oie rayatate a eee 26 laa e Win Bec gatae 153 00 147 00 
ROOts and = Vegetables’... 2.. oc cesses vce eee PAE B AN Abe SPV) Oe OOO Dro Tee 15322) 25 889 25 
NTS) eran tg Aca telic avsto Sib ina athe: aieetebodakor asters 804 2,216 25 50 00 2,266 25 1,706 50 
1377 $4,351 50 $50 00 $4,401 50 $3,324 75 

2042 tOs Mach: Hxbibitors) CH Tulip ODLy)tae. ou. cisecee acl teierememnee (ele neletenatel ome misticf-metert eke 150 05 
PEP G MEO Briers ti.cfane. che'a) vcetealonenetions, 1377 $4,351 50 $50 00 $4,401 50 $3,474 80 


NEEDLEWORK, HANDICRAFT AND FINE ARTS 


Amount of Premiums Offered and Paid 


No. Premiums Offered Total Amount 

Classes Entries Mich. Others Offered Paid 
NCR ONE WON Kar 5 axe, sesreves ctakare tort aka octaves w Lose Svan 827 SO408 00% “oe certs $845 50 $210 50 
Hangdiena tt cand ine PATts. or... 0 crefocevesere 171 SOOO) raracsn crore 310 00 257 00 


Grand JTotal 423) toe cae oe 998 $1,155 50 ........ $1,155 50 $467 50 
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EDUCATIONAL—INCLUDING BOYS’ STATE FAIR SCHOOL 


Amount of Premiums Offered and Paid 


No. Premiums Offered Total 

Classes Entries Mich. Others Offered 
Coprity se NOrnial ero ole evs dt ak Vabat sh telte chs eer 70 SiS OM ea craiee is $78 75 
ERI gh VY SCHOOUS 9s seis. ci otece. doa. chee ah duenaieretc! oem 92 LOO 2G 2 satiate: 109 25 
Grammar hGrades.= toc as outs ccluyevat ees eae 162 EO ZSTBe vole teaveters.s 182 75 
Intermediate 'Grades) 2.0 sjisesvsreain seer. eels 176 198: 00" 285 -e2s18 198 00 
Primary “GEAGEs® Fs erect aals.cuary) aetanieneenete 64 (bien Mere sosconals 77 25 
Kinderrarten* <i. ctor MONE LTA ok 18 DOr SOM ae orckautete 20 25 
Man wal Erainingyy.oacan 2 .sstiataleeras ue atone 238 DAE AS a 17 ie OE RE Coit 275) 25 
Villavey Schools: 5)... .sc.0 ok one ose ee hao 180 UTZUBO: My panatarer enn 172 50 
District. SCHOOIS 8k fae sheng tomar eer ae 269 LO Si aeiae ic sieterehate 193 75 
Grand Rotel eek ites) gos creaharere A2GEO MSU SOM ODL Merete cere Buy SU Came 


BETTER BABIES CONTEST 


Amount of Premiums Offered and Paid 


No. Premiums Offered Total 
Classes Entries Mich. Others Offered 
Babies from rural districts and towns of 

1,000 spopulation’ or) less: tf. ne meee 26 SLONO0" We ccre niece $40 00 
Babies from cities and towns of over 

1,000 and less than 10,000 population. 34 4.0% O00 Cae Bere 40 00 
Babies from cities of over 10,000 popula- 

TATTOT estes ole areca ne ake eae ote amen 46 AQNOOQEM ES Gane Biss 40 00 
Triplets, 6 mos. and under 24 mos...... 1 SOMOS tate Se erete “30 00 
Twins, 6 mos. and under 24 mos......... 1 LS 00) s-c.s azn ave 18 00 

108 SUGB OOF sieves cic ore $168 00 


AUDIT AND EXAMINATION. 


Amount 
Paid 


Amount 
Paid 


$33 00 
21 00 


40 00 
15 00 
10 00 


$119 00 


December 4, 1915. 


Michigan State Agricultural Society, Detroit, Michigan: 


Dear Sirs:—Pursuant to your request, we have made an audit of your books 
and records for the period from December 1, 1914, to November 30, 1915. We 
herewith submit our report together with the following Exhibits and their sup- 


porting Schedules: 
Exhibit “A” Balance Sheet. 
Exhibit “B’” Statement of Revenues and Expenses. 
Exhibit “C” Statement of Surplus Account. 


Receipts: 


All reported cash receipts have been properly credited and accounted for. 


Disbursements: 


All disbursements were made by checks on bank, and are supported by properly 


authenticated vouchers. 


Cash: 


The cash on hand, as at November 30, 1915, was found correct as shown in 


the balance sheet. 


Bank: 


The bank account was reconciled with statements furnished by the bank. All 
checks paid and returned by bank were carefully scrutinized and were found to be 


regularly issued for the purposes intended. 
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Accounts Receivable: 


Some of the old accounts receivable are considered uncollectible, and we recom- 
mend that a sufficient reserve to offset the amount of probable losses in the col- 
lection of accounts receivable be set up on your ledger by transferring the 
amount from surplus account. 


Fixed. Assets: - 


The values of fixed assets are shown in the balance sheet, as exhibited by the 
books, and are subject to revaluation by appraisal. 


Liabilities: 
The liabilities, as shown herein, represent all those ascertainable, and, in our 
opinion, are substantially correct. 


General Comment: 


As requested by your Mr. Dickinson, we have reclassified some of the expense 
accounts in order to more clearly apply expenses to the departments affected. 

While this results in a more comprehensive report, yet comparisons between 
this year’s operations with those of former years, may, in some instances, be 
found difficult. 

The scope of our work performed in addition to the usual duties incident to 
auditing the books, covered the clerical work of keeping the general books, in- 
spection of the sales of tickets, admissions to the grounds, side-show commis- 
sions, verification of space allotted to exhibitors, etc., etc., also audits of receipts 
and disbursements pertaining to various other attractions during the year. 

We are pleased to state, and without solicitation, that the conduct of the 
affairs of the Society, which came within our notice, were all conducted in such 
a manner as to reflect most creditably, in our opinion, upon the management 
and its entire staff. 

Respectfully submitted, 
A. W. EHRMAN & CO., 
Public Accountants. 


EXHIBIT “A” 


BALANCE SHEET 


As at November 30, 1915. 


ASSETS. 
Current: 
PCO DIESS SLALC] Ai Kensrs cuceteus: elie! eley tirierars hein as, ees e kets) oa eetoae mee $1,501 06 
AMeriCan sod Vanes AM. . chepsiarersters Sisrcrersiais sis cis erave aici eterenene tee 17,350 00 
AccbuntseReceivaple (SCHEOUIE Sia. ccic esc cireie weeiniete ve bane 9,714 97 
Contiiciss@necetvabie.- (Schedule: 52") .0 cc ciate cnenele stole slows siettieie 1,177 00 
————_ $29,743 03 
Fixed : 
Mian Ge (Sch eduilmeenes.) vcsstavelol aiave) aie chal ves ielovrencooreperei eee ote eel nlavenee $285,104 92 
Buildings (Schedule: 42 )ins Ssne ee aes oo cites cle vee ores oes 316,210 38 
Electric Plant and Equipment (Schedule —-‘5”).............. 19,902 92 
Office Furniture and Fixtures (Schedule ‘6’’)..........-..20+ 1,281 49 
NUndry MA UipMents SCHEME Ni." )\iics 2 xiecele ove orate eivivrGrela duets ears 7,947 94 
———— 630,447 65 
Inventory: 
UMIPere ands Petrie vince ct ove cheeetes at olehe rons, ciegs orate eheumlatate sete See aval ve 139 50 
Deferred Charges: 
Bond: Wxpenses's Ere al Gra ss trs ria) a avs akovecaxaiel SIS e A aia esi revere el evscaveew $775 88 
Advertisins” HPrepaie vss cre ocke suerelo\s) cos oivlece*s)'s atereleie ei Alsoere ierelsy aces 30 00 
—— 805 88 
$661,136 06 
LIABILITIES 
Current: 
SrndEeveNeccrted: [tems sc se eintalele lav c/n male ties are) ceo delet tebtereren's,« $1,080 00 
ENCCOUES MEY ALDLCN. 5.0/0) chore cree late rereyeieeleiy fatal betes ePar ain thete: ef eie Srer Sia. 10 00 
Accrued Interest on Bonds.......... Mics Gee hy oascunees 4 avation 1,225 00 


$2,315 00 
111 


882 STATE BOARD OF AGRICULTURE. 


Deferred Credits: 
Deposits on 1916 Contracts (Schedule ‘8’”)...............- $4,825 00 
Reserve, for. Leases Race, Mrack< ocd. Miss cies iets resin ore anole oes 10,310 23 


$15,135 23 
Mortgage Bonds: 


Bonds. Outstanding” oA acc eter oie ne okey ee ie ee aes 245,000 00 
SUEDIGS > sR N IDI Gis C7) eres tote o nde obe tens eierele wee tote neretas $368,933 O07 
TORS tee PAG JUSUINCMES Gers cicce sicwloie scetsie sreaayele macmeaecs 845 50 
- oa $368,087 57 
Special Appropriation by State................ 16,000 00 
Net Profit December 1, 1914, to November 30, 
TOG FCDxEniDle “By oss cele trans Gaaseeale 14,598 26 


— 398,685 83 
$661,136 06 


This Balance Sheet, subject to comment contained in the accompanying report, in our 
opinion, substantially reflects the financial status of the Society as at November 30, 1915. 


EXHIBIT “B” 


STATEMENT OF REVENUES AND EXPENSES 


December 1, 1914, to November 30, 1915. 


REVENUES 
Admission : 
CEneral SWAY. ole a aieyele wespeteycieren Sie. cise, atepegans se) eo eit erete ayer nate e $58,586 43 
ATONETAI INT ONE so ston tere cick totes Tae ore oleae he ole Catenin On ee icine ZOD 2 
EVONSE SHOW? Pas inctis ttertee ceed choisistar eeaivie leneee’ s teiahe Scar crree ele 2,257 00 
Speed. Department. (Grand: iStand)is <<. «0 ceeieuts annicle wei 5,629 00 
Automobile Races, Day (Grand Stand) 5 7,575 15 
Automobile Races, Night (Grand Stand) 2,208 T5 
WXHipitors)> WICKGtsty res <1 ere elavctahete etetoncie aon are. siaheaione s cucie ane 1,236 00 
Membership rickets evn: ceive «vets jsteie un cist cuore yore oleae minivarcteneteraierene 260 00 
Automobile Parkins poi. ccrsas.clorcl oleate te Rieanhere ie er enete co haseuare sian Se 1,193 60 
———— $81,706 80 
Concessions and Contracts: 
VET LWA Vins cts Parca eo laurat sho ou sie Pa\'s) ‘cit lolfece de Woneyelcual MeanebanchoWsetmtebawenale ouawerceon ers $4,091 40 
Main «Building: -Mxhibitorns: ec... sue co aici leone tetotetenere erecta 2,855 25 
Main: Building: ‘Concessions: scroes oeisicior coves nee aero ee 147 00 
Machinery, Building) Mxhibitors niet cela eicdacreer selene) sien 812 00 
Machinery: “Wield! Siixbibitors'tros.s <serete octets sine erence eicieheaierenete 538 00 
Dairy Building) Wxhibitarss sly letsiscpeceters cesne sha euetemeneieraerers 820 80 
Amtomobile spullding Mh xhibitorsi-eieinc eee iene terie 50 00 
Automopite Show Rental Wixhibitors: 2. ..0.s4- sons serie oe 5,000 00 
GANG ES HOW se LEX HIDTEOUSS veces teie @ sic cleo tite eae aucueineteran cleieuansronenennte 258 00 
SCOTenGard SEIEVale Pe yas oi cae oe, a tero.e ev atatiocs euseeen miceeee stots ere rctere 635 00 
Miscellaneous #Concessions: “G0... sus sche siets ofs~e ep ere gece crevtwanene sonetemonele 16,998 00 
Miscellaneous: (Oxhibltors 4 )sn sos. 2% eric eee e toe ine haere 1,046 00 
: —_———_—_. 33,251 45 
Sundry: 
Speed Department—Booking Privilege..................... $5.900 00 
Speed Department—Race Entrance Fees................... 2,790 00 
ental (OLE RACE PDT AC Karsis't cra ssererershe cel che cee ater aee enone dere a eenetole 4,270 08 
Antomobile- Races. May 30; UOD Bion ee citerecte ci cttove nietenune-cierercs ame 3,263 95 
Dairy. seunech ee rOceed Shy. iy sctereedet hotepe serie eit rate ae tene en ne 357 58 
Salevof Mlectiric Current io. Exhibitors: «cle eae oe oerde een lenin 492 55 
Hord, Automobile; Races) October sui-w 1 Olio esesain crete ike erene 2,707 50 
Cycle “Car Races; June 137 WOLa ss cic sccteuerioee Mover ate ete ttore 500 00 
Motorcycle. Races; September £95 195) creeeactre eret= eto) fet enya 300 00 
Stall’ ands Pen~ MCCS cassie ee ede vela loaves eto, cle Giarecei ole iste aueReve tert hchone 1,650 50 
MOAM s PE ASSESOsiecal cisions shove el elal ako late ae terele Pelee OR ee orate ravers 35 00 
Rent Income for Storage of Autos; (eter aes ee cieie tous cloucierels 2,724 55 
Advertisine. Premium mliist.s -e-suiscece 2 emteue irene cists torre 2,916 00 
Advertisine. (Official “Program nt. ci. ecco eaercteieicleleretioieeatene 1,730 00 
Miscellaneous ReEVeEnUes: a « ors ciciels «lists ecereseus' o vsXale) e009 Olerseuiee 382 5 
30,020 24 
TPOtalc FREVENTES! Roe craks «ibe ctw state prewene uence ee tuetoTeie hotels onehale tevare ote Rat mene ae $144,978 49 
EXPENSES 
: ‘ ied ets 
General and Administrative (Schedule “9’’)..............2e.0. . $16,364 89 
General, {Operating a(Schedule® S107) 2s ices cictereteheteon eeiete eine 18.657 44 
Advertising <(Seltedule e072) )o 5.5 ash. o:5 Fs. cue cuss oh oteqeveteceveneteienel dle etomenene 16,563 22 
Speed sDepartment (Scheduler U2). crise eqatoteneverste ereieteiee ements 12,992 66 


Sundry Department (Schedule S13”) ). 2 crcnreririsetee eteelenste ; 43,713 73 
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Ford Automobile Race, October 17, 


Automobile Races, May 30-31, 1915. 
Free Attractions (not chargeable to other Departments) 
Interest on Notes and Bonds 


Balance 
Ad 


November 30, 1914 


CACM woe CY CEC: CORT orc aL 


Spee) 4. 0 ep Cece (we! a aiha'e) 6) sm ©\erei me eee) 6.8.0) Skins 


a 0]e10)0)'s\ 0) eile) ol v.leve.« (¢!(¢).e ale, 2 010.6, e.b. «2 (0, 0.0 


EXHIBIT “C” 


SURPLUS ACCOUNT 


As at November 30, 1915. 


‘Adjustment of 1913 Profit and Loss 


Deduct : 
Harold McIntyre Suit 1908 Attractions... 


Adjustment of 1914 Profit and Loss 
Adjustment of Bad Debts 


Add: 


Special Appropriation by State of Michigan 


Net Profit, Dec. 1, 1914, to Nov. 380, 1915. 


Surplus as at November 


SCHEDULE 


OWA vel. 


30, 1915 


Me 


Wife! otis? Sud iss) 8! e)@ 0 ese a'»e vives 5 ¢ ee 0 e:s,6 6] 6 « « 


225 50 
370 00 


S88) weKe 


eee eee 


$16,000 00 
14,598 26 


(EXHIBIT “A’’) 


ACCOUNTS RECEIVABLE 


As at November 30, 1915. 


Race atl, Dee DG : 


Bell, Dr 


Floyd, Cc. L 
Goldberg, a: 
Gosnell, 
Graves, wm. 


Hayes, T 
Hooper, J. D 
Little, E. R 


Lyons, 


Stice, 


J. W. 


Sere @181@ 06 Choc 6 6 ee © 00 66 » vie ©. « s\ 0s 6s. 0 06.0 « 


Curt 


SO (ei sjr8 ele 6) 6" 050,16) #6 (01,0) 6 s,m. (ale \e hein (mi alls is 61.0 le 1m eel mi ale) wie) Uhel a 


5 SESSS) w_'o va 80 ace a) elel ele calel.el'w,'o sin) wi Sls 'e)\e\eie 6 nike) midife ue: ote) a 

acai (ate eL eaten 6 «26, 'd oyu) a0! eo) sPulleiaote pe acm im\iey eee)! sieiielic-ic) ots 
Swe, ewe ay ahe jules ie kwon) a alle\-wlie ve) aliwile (o)e)/0\\5\.« cele!) \"e: 1e).e"le 2) 66] o) =-6) 6 
sta ahs spice e: et else: Of ise Bitade aie) 0 ednsiel'e bela e)\’enlia\a,rehatel ale miele) onerde 
bre. '6iie in} 016. 'b) eee (16) 6 a)'s) a ‘aw ie is cel \eisl vile e eiel alia eles) ist 0) alepela els 


Bem sel ees aera a: (0: aa (er Ore a,vhoe te. iq) 0. enw teile ed jae ia) ef eleledtel ate sie 


Bae A oS) aye e SS ene \e) siele) 66" ee elimi wile, a erellelal via twsiie, aelcleiel © ie 


O\6 8) 0/0) 0! 016 00 6a le el e)6 (0.6 a #6 ese Bis a a's we S¥e) 6,0 a \8)6) 6 oy) = s7 a 


Race Entrance Bey ee 


Burnett, 


Held 


oe 2 9s ale elets] sm Kisiv |S viells,s): 0 eer sein elle) eles) 6 elelalets tone te 
Miele {ee e, ere lu, a) ss, le, 6010 e..0.e Siele ie sire) ea ee) « ells! 616 6:.0, 67 ere)ele) nial ele 
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nee re (a) ous, eile bls) aslo ekaie. 0) © O56 le) else) «ele ae. a) 6s) eV ele 66) els) siete 
Siete) wave a. mn ocpiepaliatshel a 6 Sy sso. ele lee ete 0 el! ei pils) 01a e 16 eles a etene 
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Valentine, C. A. 
Wheeler, Geo. W 
Woods, 


wots. er@ ee @ id ia 6) aie) a e016 (6,0 6) en's .e moh e efelelaleletate ele wise 
ma si erwisia sn wi 'wl © (so eli9i 66's a )e| ep \e)v) se sie alelélie le sls\ ea else) « 
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Race Entrance Fees—1913: 


Gray, J 


ee) o| eele) 4, a 6 9 Lee e. olelm jas © wie) weenevae Wiesel sls le ele. o.6 ¢ 6h 0 
9, (es cee sian ele bee Sm Bhar 6 Mile ome leie els) wee, 6 lh 6's ae 26.5 6 


2.0. 6.4.05, 605 (6), 0) 8) 5 96) 6 086 8 06) 66167 os Oe Onin) ¢-p 4 ele) 60.6 6 @ 
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SOCIETY. 


ee 


883 
$1,368 72 
833 10 
4,589 62 
15,192 93 
103 92 

$130,380 23 

$14,598 26 


$368,933 07 


50 00 $368,983 07 


895 50 


$368,087 57 


30,598 26 
$398,685 85 


$1,169 00 


1,265 00 
811 50 
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Race Entrance Fees—1912: 


Downess.'Geo. MAS Naeista ks nasties wee oe onandin pclae A Maeaet ee ei ere ee $150 00 
Minn, “Bran: Miss acer Sierk xa ara ag aie wid te ooereteses olttal sroremeie rate ean cleat 30 00 
Gahaeent i TWOe, theres owas aicusuite olsuasa vis. slelsvaleaass’ wi prdyahaye elapse ate enerete 390 00 
MUO EF. WS AS, sie eete edna ce ee & aarthouda 4 suaenre sheptusoe: Disk aie oTkamaete Erebneate 225 00 
Neawton, © Sar Mise cote bie ose eietbeas srauecareta siete or alate cater at anete ola terete 250 00 
Stes ie: 575 Bol ates anctn a aconduw cen era lal slr aida aie Epar ey al eo custo ameher ote eee 600 00 
Winterstein 2 = Wiss 2 ses 2 toute who's opeteteumanre a owl ene arevatare veterans) aieniaie 75 00 
a $1,720 00 
Race Entrance Fees—1911: 
£5 Ue) ff Ane Foie Cay At inant ch eMC CaOIL, be ouch one CONCH Be RANG O oae Rey $50 00 
LANA, Os si aheve aia a eae Sie Moana sonar <3 si aratateele a Seale otareuen teats esehere 135 00 
Payer. BASCOM. .aloarceler Ar ane's ed ont eer atahalinre Seon vene o eLaretel nie Rekare 500 00 
—_— 685 00 
Race Entrance Fees—1910: 
MTN tts ae ell CCI ene a Sie RoA Pee Orc GIES blo sao Hog.cleica GaGa $250 00 
Ban. (GeOs Wares sce cinsleleue ob era Cayotarete epeteteieta eaters Ie tetokebne eucias ea 70 00 
Gamers AD TKce 5c oot stele iedetercistcie ie ovihes catcicken eiereretaeeeiere tereteusere ate 75 00 
VATS. UAV Ce circsa tte a tole yaar clots eborey sxe cenerche terol eV abana eRe touscerokdker teiete 250 00 
Ivy UCN odie coro HOO DOOR ORO HGUON Oecnceoason toon: 50 00 
OWN GCALII sey LOGK INEM rare eusrapeiaie cael re etene clelten ven cieneteuniedeteretelentre 135 00 
Gait Geol Wes wccihapsks avec: sec eseolemecgnenvomeuoteucie atavatohess enol eaomene 150 00 
PU O SATIS: MASA ane acc snaebal sake chewehonauecelpeneteveee tol okster cue alaaetateacteltetelnieke 250 00 
ELCODS le eC ec re oteyaitoy loteticgn i) RoRor Noten aioe Rebel tee aks folate NeferLo hatin rs Meiers 50 00 
wines! OW. Abe asispesey melalehelep erste otoneuatelonctsnesste ves nerm (che keh ene sasiataners 115 00 
RAUIDELCH mils Mee eis eure rowensoet astialele ans fe elsatsl Racer teraie keuryen home cp aie iareke 250 00 
Sheridan, T. D 250 00 
Stubblefield, W. P 110 00 
Teachout, Tred 25 00 
DWV BYE Cores, ab ot ox cna veh apaveevelieneeieteller olla. oiler «ve ens\is\ neyo cstebatcbepereliahet sratepotele teks 65 00 
z —__—_—— 2,095 00 
Sundry Accounts: 
Arvin cArbOr= Bugs y= Cob tysnielare opens he) a ete lanes a) = Perso eMecare niety veheleraus $33 75 
Automatic (Oil (Gas UBurner Cote sinc . 9. 6 orctn © no ore aielelos\ «! vleuckb els) = 2 42 
Dade Cink piaer (OOS aa oaanoonoouscmoo ado oe BACON ModOGD gb 95 75 
Gray Bros: Hlectric CO ni iay ayers os co lnichatehn!aisinto sis ope leleneleiloiele lahore 32 25 
WATCH ELT RCO tO Ose no era federal hous te ae ee Levies ohienya te llovrautonevonay’s fecenenels ene 15 00 
lGsaienne- te Elbo ane aly Ob.O 0 Oooo TOU oO CORO mao Ooo UO oaSto co od6 640 00 
Overland ——_DeLerorbe COm eee weed oe ot once hede teats vokel toh hessiekadohelouese ts 60 00 
Packard saa ey RGus Ss Nagra eee A or a 
ROCKS -ATLOMODILe We SCHOOLE tewerer cn trove tar ovae to-reieyspey ootelolel shel israkehaini«1ie 
——— 1,969 47 
Un 2) a ee ee a A oe ERE a eS Teo OOOO uD pia OAS 3.a0 $9,714 97 
SCHEDULE ‘2”—(EXHIBIT “A’’) 
CONTRACTS RECEIVABLE 
November 30, 1915 
Main Buildine MXNiDitOrss var --ciielo a) cle rchenelow tel =tere ta) eiletel ies yolotet sie Weledetel sf olloai er tioteke $182 00 
Machinery Building Exhibitors..............2 sees ee ees r cece eres eer ceeence 27 00 
Machinery Field Exhibitors. .... 2.1.2... cece eee eee cere cece eres ee eecres 20 00 
Promium Uist PAGVOLLISCES tore sietaisseetebalstateiet ela elle) elohelte ete ia eh arelte Pe eietiee Atri es hte cao 228 00 
Official Program Advertisers... 2.5... sce eee ccc cee wesc eee e reece cnc ncees 180 00 
Race Program and Score Card Privilege............+sseeeece cece cece tenes 155 00 
i Och ati ens) 0) Ae Ie OE Senne Goes mer seo red mee Soc SUI O OOO Gabo ao 260 00 
Whiscellanecousia CONCESSIONS” alae mi nusttie = ie. «cle toletio icles ele lens 'ollePelolchalllatetel el sileaauads lletete nels 25 00 
Miscellaneous Wxhibitors ...:......0...3.... oS Oia MOOR O IO DIS 4 OOD 100 00 
TBO GAL cr sio cc bracers vocal Oe nl ons te! «ys Rear e yeas Matern ahem pireeteluctate! Pols Lave kelione kek Sein EMeke ee $1,177 00 


SCHEDULE “3”—(EXHIBIT “A’”) 


COMPARATIVE STATEMENT OF PLANT ACCOUNTS 


1914 and 1915 


Book Value Additions Book Value 
Noy. 30,1914 Year 1915 Nov. 30, 1915 
Land and Improvements: 


OPH is De Pee ete ie tac. ect SECO AOR ESE oR EuS eo $208,912 50 $208,912 50 
Sidewalks cmtc cranestrteneyseu Woe ests a ae & alata 10,466 39 10,466 39 
Roads Mand Drives erica tetete i ete latetele agers teenie tebote 10,303 95 10,303 95 


MICHIGAN STATE AGRICULTURAL SOCIETY. 


Land and improyements—Con. 


IIE YN CES arcs Sie celey areec erected noted ve ya oeey ene 0 ero sisiemans, aiehee ef $4,259 63 
Water and Sewer By Stem Bate esis aus Paeenve, okssovabete ele 21,432 18 
RACE EPH Chime wala Mrotelonauctotoucteieton silence tec ctars (elds ee a sei 29,730 27 
Schedule -““37—=(Hshibit. A”)... 06. ~ este $285,104 92 
Buildings: 
TOMO ULE SESE) LUT cecteve lsc wile toro fo lolete ele tebsLe es eiclis $37,039 59 
JACM TP VI ass ull Go he Fon See Oe ye ictooriceerord Gace DIG 15,675 00 
Le eG DTS Rao AR Bs Seo old Meek rCIeee oa Oy Choe CHR TRU 21125 00 
133 R SY el aCe pce ete ore cree 1 Enc COOTER Eo ee 1,800 00 
CREE BLT Sees erstern aie c era Yote lore isbenccclaterece's, steisicisse! aie 13,500 00 
LD pari 1a Ph afeS Ss 5 3G Aig co Schuck Eee ORO CAHIERS 14,669 89 
BAT GA MOM AL es UUL OIE) ery eiete satel aie cleteteoners ere) s. scls © 5,850 00 
HG BS AGEN SS oe eye Siem, every ct eneh te Wha nshe weasceial eieadeereoeas 1,000 00 
TSH HER ITIL CRterct terete ooo al aye etenstekevaralecereas aueue cwlekey So teosuielets Mey tuets $147 60 
Grange S tat ige tice: crs cleveterhe heels pointe ekoesee ee eihene Pipe ess oliss 
FLOLSE MES TAIN ph Rey Neier s aetac oie renee ove. niercun mcatocerore eceue dene 29,986 53 
Jakira riedamengell iesrelobiskee Sa oho hon ao cere COO ON © 15,734 22 
IV OKe beth es ui Cobb ein dieters pias DiInmOb Crain 14,446 96 
MasTCES ML GIn eres os chia crctoter eine ker svonchelecey ciel stan 29,587 18 
VT eT re yan es EEL CLETN oc etie den oie eelretoe sucintny sictieosnes eet aL ks 12,774 O7 
Oficial SRestaurant yD UL dino terra accscstelayctoreleye one 201 40 
PrOUUceMIETINGIN Saree ck os Gite, neces tor mrarre eek tea 1,800 00 
TEER OINSRUAT See CRE hale Ocianiaine atin co a aise aoc 15,375 00 
Poultry Building 3,150 00 
SHEED AEM Siire ele ois. e0 oda oasis 8,505 00 
Swite SBAENS os \-leicicie os 9,405 00 
Sp COd ALIS! oe rots rioretsionucde ohare © (2 eretet tie leps isan’ ais 25,896 70 
SHPECINECNGCH EL Sa yElOUSC ie viele stele: laiets aie eiel oie «=i 278 06 
Schedule. “4’—(Hxhibit “A’’?)...:3.......% $316,062 78 $147 60 
Electric Plant and Equipment: 
Electric Signs, ete. 
Schedule “5”’—(Bxhibit ‘A’’).......... $19,738 97 $163 95 
Furniture and Fixtures: 
Office—Schedule ‘6”—(Exhibit ‘‘A’’)...... 1,011 49 270 00 
Sundry Equipment: 
Dairy Building Hquipment.. 2.22. .). 0s c2 tess ce $22 68 
IDIGG ERIN Ae con Gor Ore oon EI UDO O uid ds DOO caOD 16 00 
interes ORO Ebi ecio ogo memo DOO a DOUG Odnid OO Cut 1,006 50 
Grandstand s-Awilines ae. mitered ciel eles oe reieteloxe ler 27 00 
Horse. Harness and \WaP0nsie. 1. 10 a0 ons = cle = 473 00 x 
AWS ea LS en (CL ATES)) co isyetes cslece Seetercistel ele lekeusts voles 135 LT $57 29 
WET EEE ESSENCES ietstele cuars tor stereta te, ovaileyass custo \lokeats 288 00 
Wiiriirgy, Getrittts PhateaM Sori ie sain a cio me Udon. co Aa 00 
Needle oWOrkssWCPArtMeMt -7.\clere yoke) ste sicieiel> sie le tn 30 00 
Night Horse Show HEquipment................ 115 00 ee 
Poultry Department Equipment.............-. 1,224 14 17 96 
Sundry Tools and Equipment..............--- 715 22 369 25 
CET EPPS LALO ue oe has aderaveke relat ev ctienay oye colon eater aay cbasehe lore 6) oie 3,450 73 
SCHEGUIICS soi) ——2( BES EDI ints SAU) caressa) acalce ole! aves $7,503 44 $444 50 
SCHEDULE “8”—(EXHIBIT “A’”) 
DEPOSITS ON 1916 CONTRACTS 
At November 30, 1915 
OTIS OLA Oi eds kena tarehoteainiethecstw los cteee tale iene arc cae ataveersdatars ap tiennl ss see Rise “aleve ave Pete 
EXP ENUC SNE meATIN OME cwlercieletsredsteloieteien Ve, olevie eieral ature a raWerderetetehek hevn,cue. etal wwateieicrel oh eiomerore 
Melvin: Byi@ase. ooo... se aes 
Goodyear Raincoat Co.. 
AGE VCSEL Ne SOLMMer ase cetclorscel Oc tetepaie susts ole) stare tole ees msi aneicionaes sansy a wet neta lejos eles 
RW cs As RIEOGPE Gr OO ree eraten. orate tremetoUn oye evicted afore eG to deere erste tte a > abe arn! s lerern hace 
TOGA? Sue atcrste aes Toate ears Raletetahepn a cleo oid siete Stele tele ena Cates To owiye ace o ntarateyral cies 
SCHEDULE “9”—(EXHIBIT ‘“B”’) 
GENERAL AND ADMINISTRATION EXPENSES 
December 1, 1914, to November 30, 1915 
POR Se SAL AETC eG code! sop o.0.%0.loa' ste sae ade otetato wbedaeiperin elcts is (els te ieks pawl atetstirduitene «ae 
MAEM ARATE CH Members ent cm sove ts wicks o stale em aretene Giaieteds Ciavele Sine Tied ino aleve wiv oreietol eter uieiere 


Superintendent’s § 


PUES inscen'e rat ates Sap ui Rel aie o: speeds LaLeeo Tek ecane. = Bony satets Wisc el atel vin alotar = 


885 


$4,259 63 
21,432 18 
29,730 27 


$285,104 92 


$37,039 59 
15,675 00 
2,125 00 
“1,800 00 
13,500 00 
14,669 89 
5,850 00 
1,000 09 
147 60 
57,313 18 ~ 
29,936 53 
15,734 22 
14, 446 96 


1,281 49 


$5,200 00 
2.547 34 
1,200 00 
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lire Insurance 


pods, ota\ @¥a abe: Sana leneteuacay eae rs/svenetwtccs aie Bbeae or hehe wish tts. a Ney anne $2,201 16 
ACCOUNTING Sc G Grete arr e pated shales exes b-p ony eee oe tennidl Petey Sa Pie coe a eee 600 00 
AUGITINE Fore Sipe wre Siebe ais lewis ele wttia'e  ofhiees coh elle oon Bierce aoa eae ie ee 1,200 00 
Officers’ “and: Directors” x penseg tie tA Sots nek fereec toate ortele one ee eens 815 67 
Kent: (OMCE) ots vic dS soak ae eg he ane Ce ee eee 750 00 
POSER SO: Baiciis aie, we aiatin oa. Sia" oe aia tela the Mie ete Seva te SIO ec DIE Mees eee 321 50 
Telephone:and', Telegzraph .)52c/:\cis sisters elutensusbo ate alestel bitin ee Te 264 47 
Revenue Stamps ..... ain gh bob eyetohetahe tater etalel oerststalers’ tc otelobetoreti a! ciate Nerentasi ner RLS tear ne 30 80 
stationery and) Office Supplies: oxic sie acla tuersebayseutinonmenaah Lae eee 264 44 
Commission’ <on> iGond’: Sales), soy cr seeieicion eulckiclacnise re e aeeee 196 62 
Mueeal Hx Penge. she cceins oc -kpetedste Sine whee ASraronar ae cote re nel onel ate onc et ee ee 428 00 
Drawings and: Blue. Prints. 2 tevelh cove a.cucielbie,& cio arahe eptvaho Fosse ohne eon ee 3 78 
Membership’ (Driving Club). c7ees eieree cael oh cin echo sterclio telat tenclauses lane ene eee 80 00 
Miscellancous: Dtems ~ san. ..syeteise cisiece bio se a ovohetelo-ehe akc cterrs oa ohe leis aS oar ae ee 261 11 
ef 0) tO ee, RCRA a ee TPIS eee ae Sod Ae np ee Rts a Be $16,364 89 
SCHEDULE “10”—(EXHIBIT “B’’) 
GENERAL OPERATING EXPENSES 
December 1, 1914, to November 30, 1915 * 


General Labor Grounds 
Gatemen Labor 


0 elec ae moe. s 6 #\'o\ o's 2 0 2 0 5 0 0 9.0 ss « sms be) 0,6 b's vip 6) 5) 0a 0) inl eraisin io 
a lets)s alu (6 alee els sais 6 © 6 ole ces © és .a aie le bee s\0,e\ 6 s\ ols) e.6) 0 2 tn\elle ere, seal etn lesenagn 


© Oe es ofa Bile we 0'e'.6\5\'@ 0] on! ss aus 6 a6 a © cJe)\v is 6) .p wise le) a's’ ois. ol aal sare 


Police Labor and Expense 
PAULO ME ALKA 2” Vo. eoks, cro as soe) sharcle cht 0 ote lore Ons euncenteeleae ee ete lore a lee eee 
SDIIMEK ECE Pitts 4 =. esate ree, os, 6 3) aos4e) dasha Sikes ieee ay cuehone gel fasta euetoransla cee Ete Cie One eee ene 
Entry Department 
Wabechmen! “ExiRot NPtlait fe Arete «ele nero & atone ae Oinw) oro eee 
Park. Maintenance (Labor; Cte) s .. Fo scatcuere. 2 oto Have eetate wie he bioalel oe taoie Fe ee 
Walkwand “Roady Repairs. ct. 03) yerescrajsllenacs eresencuaee clover cto ok eoiche "era ioee aitceate Maen Cee 
Water and= Sewage System) Repairsa <0e cers coat ele Coed Oe oie 
Repairs and Replacements to Electric Equipment..............-.-22eececeees 
Miscellaneous Repairs 
SROO!s TOXMOTISE cane oie) s2iens,0 15 Bie vei oie.6 lay ore: Seayer easiaiie Ae edenal crit by al cx uneRee ORM aCe ee eae 
EIOSDUtAl MEX PENSE. ©, stoisss, 0 c.c-e avetele eis 2 as, cldiw scan bet Sa Younes ee tet enapote aha val a ete ieee eee 
Lransportation Department «2 Wisg stiles os, cls dcum sicko ceietane nasi ebete olen ets rer altuanen iste eee 
Enformation\,.Bureaw: 222 ei hslival og Sos havnt, p ste rates ofe so eer apt ue vel ote ae DE eee eo 
Concession ,“Wxpense's\.ssis,hitic oaks s c.a ow vnjecantar ates Suchet em iaas Ria etalon kee ne reie eee 
IDECOTATIONS ©) 2.5 (5 (ee wets apeBolate auahe, nave cece ete alee, ouds ceha e Ole) ope See SARE are vetoes eee 
Premiunis, [Ribbous and Diplomas: sew. sores ciere eee ete iets ie eee 
Badges; “Buttons,” CLs. ccack Sic Snoce oe Behave oni o Olea 0 wepeae al aene OATS eee 
HTC WODKS: <j/o 70-00 5:% 3 eis -ei o ongig ete clinch (oie ise cus ehelere w epenciene haste ate nays vile of site ames shay at ererne rene 
Midway. Mxpen se’ oi isis soc. sizns Sree aysmaistel ojo eis eaters eis) ois ava-aic es be: oop oh rgehcleteieAe, ote ene nee 
TOWEL SIOUX PERSE 4 Satan. ace choke ereWee aie ore hate a eNel aed. « ln.ateciche ae ocaee eer ebeie se vomelobe inven suaen enemas 
Gasoline rand. VADELCANTSE fe <pcyoncteee yee ie ses at eats wots kobere re ete ie oles ns tenes in cane eon 
Hires Department: HIXPCNSES st.75, 2 2%.15 srs ele \s'a/2 tw oe. aps atenae a earnun aren iphoed ena ekel > Steen 
HIOESE MECC PANG. EIXPENSES sistent cj) < viel conusha: siete cheba ecel neeeteeen oneal cadena tsi Irab ol stated ap ieteieaemette 
18 Ciae/=(e orcs slo 20 1) la one ee ieee IAN Oho CIPS OE a Gone sg bibre Soman acc 
Water Mieht = aid)! sel 3.0 t,o. ioie lows «sore eee rt rcvs\-elratlsynrel eyo Wexe ienabe terol opiate penenctalel iene 
AICO PHIXPOCMSCs 27s. c, oiccPavere sual ci atola, 4) chats els! ote uotreretays aka oh die) alone meme erc melee: ate cts tenaial taper 
TENET AL: “SUPPLIES. se aici ie cs myc Love rolls ohne tae axe cartons ewe syecob Pale ovisviel exons jo eine aie cows somatic mentee aire 
DADILOLS MASUD DIIES” Le kevcret ole Novos onesoye folks, Sabi apaer ance orator see atte elle schist a alae = dooney Omen Drees cain oes 
DisintechineiCaLile MBALUS scars pisie h pislsierers mina eneteLola Oeste ere tat colo latent SPCR momen ie Beton 
Miscellaneous SPrintine® suse liners stone ot cheteya ln clo shane ie ore asst ol nNer loo ioletlscet ol Taobao aemee 
Miscellaneous Supplies and Expenses (Schedule ‘14’’).............-.0-eeeeee 
Miscellaneous: Building oRepainss © scioictcic.<hae oiokelebaiene euctelr 1 <) «(2.01 al Sia enaLseas iene 


HOCAL tote sere ane elelode eit eee OES ee ie eee ete beets : = (byte, 1a, fava eta col ghtoh aot eee ae ae 


© S68 0.0 8.8 0 © 6.9 6 ale (vos a an ce e\6 ol bye ee 6 9.0) ale ork 6 slele\s etsielvun te 


© w o\0.6 0,5 © 6 sere 6 6 a0 5,0 0 6's sa, 6 = 2, 0105 9 0B 06 0c 0/4 pie © ule sletnlpiniots sxaunh 


S 26 Sos O\\n 5\ ose) 6 0 ale 0) 610! 016 00 © 0 60 6 (ole 0 le 546 G0) 016) « #) 0 is (oe) se) euolnte 


SCHEDULE “11”—(EXHIBIT “B”) 
ADVERTISING EXPENSES 


December 1, 1914, to November 30, 1915 


Publicity Agents’ Fees......... eee ee ce cee ecto neers seen seers ewscsece 
Newspaper) and Magazine “Advertising. sr. <c.tslsre' sick saa i oer eieloletal>/aleleteteietelereienelovel ste 
Street Car Advertising..... in niin gst 9,s o's 0) = SYS) ol atsyeioie leh evclegalnieielese he 5) ieeetenemsegeleys! #ate 
‘Billboard’ and! Poster PAGVertising ios .ai s- « ole) nls neler o)e eb a ase ete te Rene eels telco lovralin re 
PHOTOS BUG CUS Soe tateie it Meter akoils oto 2e arotes oral nyo) eeevel etet utente! eketeaelaee Memmi etaRelatetatsistsLe 
Praminm. Past HIXpPenses ic re te leietel sic) s1e'e's)e etal afl > Se eina SSS en ee etetesane a 6 a tutes 
Official Program Wxpensess seis o's oso ate wists ryeie ei esete ate eieleteinls)|s 16) eet ole) o15)e1s 
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Miscellaneous Expense: 


NHROOK Sm OUCHES Lamers, fictaredat Skiers ahaa. tise ee oe $462 00 
ra een COOK an praerecrereteis a) etesevene cola le sre Se ae tea on es 200 00 
Ves RIGOR DUT Mets ye cae eencnere sraletante reve (clothe aires larctnv e's aranave een 100 00 
Morse sSightsceinm Cars scsi tee cet carlo aranie oiche sis Sea eee 100 00 
DOH nye CHIP CH pyr ters cr kererapels oie hate etetei skate oe re ales eaten Re 452 00 
Wm. R. Weinkauf, Distributor of Handbills, etc............ ile e ts) 
Camppellie Hiwall der Om cis crchia ovcvoceloratetnicisiare aiens oclontlopuore nic sretate aN ifevmeial 
OtherssmalleelvemsS) ters chee srerezs eiavaie oleh orc dl interes es Bee ita Ga bas" 
[=14(\F 
Ter NGAI oe aed SNS A os Oe a aes ke a ee ee 
SCHEDULE “12”—(EXHIBIT “B’’) 
SPEED DEPARTMENT EXPENSES 
December 1, 1914, to November 30, 1915 
JERSE Se Decahictee Capac MCHCNG OAD IO CIRCE CLS ORS CLT CVCC/CL AT CNOR OIG EEC Sey Rae CAEL Oe Rae era 
Grandes tangs AOL Perce wes es eRe eee lc ets SNE ea ea nats 
FAME CUULES ITE bane. noe N Ere re oNctot oveve ce ct Shc ro NO era TUES ea ohn a nisi elie: 
ML Er isin Cnt «(ESAT y CLOs)aiusc tered coe eee Sree Oe ee isn ie Acad aren 
SUNIL VO ALA TICS cen’ Waite oversees hehe ee Ae er ce eta Ee eee ech tc ne SP naar onthe 
EMMA aT Oe SEATON CL Yretests osetia re ee ee aie ap On hone 
DRCHEEALY (Se OMI aT Vins Cater arcs stcte etscb eos usre hace conse: tee eH e Oe SEO at re ae ee 
INEST CT SLA LCS fat cxefaeay ahs citeee aye eabtevn She oe he ore uate oe oie ea oo resioeuhs 
IE OSEAS OS of corals certs pers ck ane eaten Ort oA ae LACK ST ere hee Ee eae ee 
USUCUSLO MG MCCS crs, inched ates ia ana TRESTre odo cet che oe ie elec hone cee en ee torent 
MISCCHENGOUS, HXTICNSCS cserty cots role oictesaticae Maye edche sts ote ree ote es 


EL OLAL, vette ee ss. ais oneiearetove b) Sine Waele alee Ce Ole ee [ahold co angheleeuobers: alate si eels 


SCHEDULE “13”—(EXHIBIT “B”) 
SUNDRY DEPARTMENTAL EXPENSES 


December 1, 1914, to November 30, 1915 
Horse Department: 


PIIZCS SANG EP COMIUMS sarc cook Ate ioie costs aie one oe $6,904 20 
EGOT Ses Barn= «hep ai rane’ h sia te Fred ee ei oe Ra Co 54 00 
Wish te EOEsenSlGw Wx pensesi acne hee ee ee eee ae 1,168 59 
HrLertainmen ty (Bands ete: )i.ce olen oie. chic aera oe en ee 855 00 
Miscellaneous cx PEN SES figks-a ties hoe Gren eo ee ee . 426 72 
Total Horse Department Pxpenses..................--- 
Automobile Races: : 
Prizes es Ane ELEMIUMES | i2 Nectege cu citrate DR sLae a ene $7,450 50 
Grand’ Stand wba POL ye eet ee ee CE. 361 09 
Hntertainmenty CBand sete: accher nM eee Ee ee ea 855 00 
Miscellaneous Riucpenseg.a sks es Steere tee oe ae eee 177 50 
Totals AUtOMmODILes RACES ate, «ts.t.. ete torevs kere custenore onaciotatentotnes cis 
Cattle Department: 
Prize eAnG yy ELeCMUNIS racists te ce core ok ca ee ee $5,179 20 
CALE Barn REpAITs st ns ete coeisl obs eon See Oe Pee 53 00 
Afro bsg Cad wNS ic aioe SERS CLEC OIC OL EG ao OER eerie Geet ies Sen 177 94 
Miscellaneous |X pensGsin = a.o)<cacis, its sie-s Gels Mole inisiae eee 198 60 
Total Cattle Department PExpenses.................... 
Sheep Department: 
Prizes tand Preminmsire = .va oo eves e eee alae Ce $3,204 60 
Sheep; Pen. \(Repagirs) sires acc oe ere Naor tice ees Sete. 53 00 
ALEC Cf \ sl een ROE RO pence Lee aca a cf PANS moe Se Ba EN A OS eee 78 65 
Miscellaneous! Oxpenses: 0.4 sh. 5 ocicce soe as ieee Cee a eas 167 00 


Totaly Sheep Departments Hxpensesins. << sens Si abe vas 


887 


$1,755 


$9,408 


8,844 


5,608 


3,503 


87 


$16,563 22 


51 


09 
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Swine Department: 
Prizes vend) (Premise vnc ercscte. sere ees uv (a oy an cleus eyed atats laleiels eye wheres 
LOST Ve aesnasaele wishes aie tay abetata eal anerafera len awems yas pote) <ifal= tena ational siete iste 
Miscellaneous sHXpenSes dicks ctulese over srsieuieis oneldialert diel evslerene, <n ela 


Total Swine Department DPxpenses .........0.--2ceeuee 


Miscellaneous) TWxpenSes! oS < che crane rue « ee stains roel etalntelie lalaawate tal sip 
Total Mowl \ Department’ “Wxpenses: neces alone chaisi< oueleietats 


Farm Products Department : 
Prizes and’ Premiums), Hers, - ees se storey aietrecaieiots a env kensueneMeiel-yelnl stats 
DUG SINS HF phic ts acca scene austere anavebane hehe wa tenela Sipbeyoraiehone aussetateRel’s tatters 
Miscellaneous. Txpemses, sss ..2).\s.cteyt eyaiclivdsasisieme nalrct asin oheMeibenis me stals 


Total Farm Products Department Hxpenses............ 


Horticultural Department : 
1 ab (Sree nay amd edges aabibhonlcts 4 ye. cic Given tno Ceo Coe. Udo odp oS 
fib Ko Frio goa ee Rei olio mo OOS Aitra or tl Oo om anoe SurGne, oe arse Quiteo sd 
Miscellaneous: HixpeaSese mrcieieieieratedieicte cals totst iene rsieyers feretetel seine 


Total Horticultural Department HExpenses.............; 


Dairy Department: 
IBTPZES PAE SOLEMN ie kenorehe ele bet alee ors oust ey aus yorsa els taeniehie ss reWelnNarene 
TNT ehe se vanacer es wets crete rekalp lichens caste’ Sucuav notes ahah Oleh Melo ewouereserek 
Miscellaneous) MHIXpenSes! err aiet. cioie + ce ciels euetapeietarslc esicler el oioraReleiane 


Total Dairy Department Hxpenses...........5.-+.0.--- 


Educational and Physical Education Departments: 
Prizes and “Premiums \(Wducatiomal) ree secs eeeks ous! sola eherbis etal 
Prizesuand sereminms Eby Sica) elena lene) <iaite rie teuened rev otaleneheere ie 
ARORA dette Ls ONS ta OOD oto Suda eb andes oot oe 
Miscellaneous Expenses (Hducational) .................... 
Miscellaneous, Hxpenses’ (Physical) ice cies esne ee ceele thee sees 


Total Education and Physical Education Department Ex- 
Osa 2 eke poten Duin ottoreO ne a oc Omira onto n cot oa anid 


Needlework and Fine Arts Departments: 
Prizes ang Premitms «(Needle workey. sisiere e step oho! el cet lo kelteleneral ets 
Miscellaneous Hxpenses (Needlework) ...............25-+ee> 
Prizes\/and*-Premitmis) (Mine CArts)) se tee ie euclcbero tole reteenetee= aie 
Miscellaneous Expenses (Fine Arts)...... Shasenoaitapuysiche anoke pete 


Total Needlework and Fine Arts Department Expenses. . 


Better Babies’ Contest Department : 
IZ OS ANG) SE TETVIUITINS er. ot evel cues iagsvousieleiacebe teceteton clohol tia pel GGie kel cnet 
MaScellaneOus) LOX PCMSCS reve coe ioc wail ore aes nicotelalalnlciiel sus /iels}-elie i >elails 


Total Better Babies Department Expenses............. 


Machinery Department: : 
SoS went Me ci ootom Gorn n SOO ooo COOMmon de aCaonoroso4 0 
MAUSCellaneOus) HEX CMSESe ciste tele! etectcp stone uchcne ees neMl ets caneet ies tte aly 


Total Machinery Department Expemses................ 


Merchandise and Manufacturing Department: 
SUPER UN LCMGEM Ts, fy.ie te pn ole toseieiet ier aueiateners sea iel eV elstat= lave t = ips Mioaiedtcdeotensks 
Miscellaneous! |<. cic cus ke erste er oerseetiemcisiiciols 2 oncnaoneeeeReneiots erele sieinete ee 


Total Merchandise and Manufacturing Department Ex- 
POGEISGS) le eis cnerscnsy«. fioietoneeral staged hens heeheteN Nel els Ncl-f ol-ponelonn te 


Miscellaneous Premiums and Prizes: 
Premiums (‘Trophy Cups) ..-. 2... .055 2s cusses sree seees 
Athletic’ Wee spac tara svete brs sve vets Pie eis ere eae deen eb eer sekenatcereNalts 
Other” PrenvitlMs Heiss discs a nlocstenete once eeotetere tt he tekethWonepeney cle kere alieolie 


Total Miscellaneous Premiums and Prizes.............-. 


NOTE :—The Miscellaneous Expense items include the expenses of watchmen. 


$80 00 


. $92 90 


$817 50 
250 00 
25 00 


. 


$2,135 10 


2,308 77 


2,185 46 


2,521 69 


1,642 00 


2 Gata 


902 25 
622 45 


158 00 


163 15 


1,092 50 


$43,713 73 
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SCHEDULE “14’”—(SEE SCHEDULE “10’) 
MISCELLANEOUS SUPPLIES AND EXPENSES 


December 1, 1914, to November 30, 1915 


Henin Oneal a dali HOUSE. oicicisyerereiel eters icv efele coves die satplolefors) ahels Waele ee lastahatetscd es $248 00 
lear (CAS, Ceri Togs (EINE) co Go do gal onOUT Oc UDdod ju OOno Upon Soo bossUo oS 30 00 
Beni Renta NaMOMa le Renta A Wilt 21 ©Os/rctowerere shellsiehstcre so evecete.c- sieleers,sievarsra saree 56 70 
Rent—J. C. Goss Co., as follows: 
diane (Chia beet beacon boats Bown Cfo Did OO DIO CRO OC CVERO RCN ERG Rene $47 75 
Say IS Gaie! Chins Age aanbopopoo 6 ancoouT OCU DU DC OSD OOOUOD 38 00 
abies Ors (CNGMIEG 6.4 osama boca GOO COCll cD D.Don CUUtHO 38 00 
Superintendent of Transportation (Tent)...........-.2.06. 11 00 
OV Sue Caner CLencs ienerctoer opera act eteieta tet teleyer cto epereteneteteyellepeusl efchere 85 00 
Expense of Moving Boys’ Camp to Boy Scouts’ Camp...... 16 58 
———-- - 236 33 
Miscellaneous Small Items: 
MapornGhanece sooth 12 Oly-rststerctetereds eee ase el e)a! elodebetele olelaiaieleselevele $20 50 
Chas. Denby, for Raincoat lost from his auto at Fair........ 20 00 
McKinnon Cartage Co., Moving Furniture to and from Fair 
(QT RIL SSW OBO Pie CmGING Die OO ITELCLOCEO OC CGD IG DT LO oe oOo 40 00 
iBGriGhines Ine eCH .snpoo Cboo0 eo UaO OS UID OD GUN SOU CUO C OOS 30 00 
COrmnGis STR RanNS A Soin Hopes REO OG lato O OOOO COD a Cros occa aceon 30 93 
a 144 43 
$715 46 
ELECTION 


The Annual Election of the Michigan State Agricultural Society was held in 
the Administration Building on the State Fair Grounds during the Fair, on 
Thursday, September 9th, 1915. The Officers to be elected were President and 
Vice President, and ten members of the Executive Committee. The President 
appointed as inspectors of the election: 

A. G. Griggs, Pontiac, 

H. B. Wattles, Troy, 

-‘T. F. Marston, Bay City. 

They took the oath of office and the polls were opened at ten a. m. and closed 
at four p. m., in accordance with the By-Laws. The inspectors made a report 
that the following officers and directors were duly nominated and elected. 


Officers. 
President—John S. Haggerty. 
Vice President—Leonard Freeman. 


Directors, 

Eugene C. Betz, Monroe. 

Frank Coward, Bronson. 

H. H. Dow, Midland. 

G. W. Dickinson, Pontiac. 

C. F. Gates, Sandusky. 

Alton T. Roberts, Marquette. 

Thomas M. Sattler, Jackson. 

John W. Smith, Pt. Huron. 

Dudley E. Waters, Grand Rapids. 

W. A. Williams, Sandusky. 

The total number of votes cast were sixty-four, all of which were cast in favor 
of the candidates named. 

The President announced the result of the ballot and declared the persons 
above named duly elected. The term of office beginning the first Tuesday in 
December, 1915. The officers were elected for one year and directors for two 
years. 

G. W. DICKINSON, 
Secretary-Manager, 
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